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PREFACE

by
Wing Cdr. M.S.Hughes, RAF

1.  INTRODUCTION. The 33rd Acerospace Medical Panel Mecting was held in Athens, Greece during the 2024
September 1976, of which B was one of three Sessions constituting the me:ting.

2.  THEME. The committee on Special Clinical and Physiological Problems in Military Aviation have long felt that the
aviation environment is of growing concern in respect of occupational health hazards facing not only Air Crew but Air
Traffic Controllers, Radar Operators and Ground Support Personnel, whilst populations living near airports are in-
creasingly affected by noise and atmospheric pollution. It was decided therefore, that it be recommended to the Panel
that a session be held to discuss the occupational environment of all involved in aviation, and in particular it was felt that
there was a need to air the problems associated with:

(a) the creation and running of Occupational Health Services
(b) the identification and minimisation of dangerous procedures
(¢) the setting of limits to exposures encountered during these procedures

(d) the psychological stresses associated with aviation, in particular those of Air Traffic Controllers.

3. SCOPE. Asa consequence the Panel issued invitations for papers on the following subjects.
(a) Medical. psychiatric and psychological problems of Air Traffic Controllers and Radar Operators.
(b) Atmospheric (including noise) pollution by aircraft operations.
(¢) Industrial hazards, the toxicology and pathology of propellants and other chemicals.

(d) Missile Operations.

4. FORMAT. Twelve papers were chosen and were arranged in groups dealing with their common aspects. The groups
were sub-titled as follows:

(a)  Medical, Psvchiatric and Psychological Problems of Air Traffic Controllers and Radar Operators
Three papers were read in this group and a profitable in depth analysis of the Occupational Health Problems of
Air Traffic Controllers was achieved. Hopkin (UK) also outlined problems that may well have to be faced in
the near future, as a result of developing technology .

(b)  Monitoring, Measurement and Assessment of Potential Hazards Associated with Aircraft Operations
The intention and scope of this sub group was to identify, quantify and arrive at estimates as to the magnitude
of some of the more specialised hazards associated with aircraft operations, and offer recommendations on
their monitoring and safety limits. The dissemination of information from experts in their field was clearly
welcomed by the member nations.

(¢)  Industrial Hazards and their Control Associated with Aircraft and Missile Operations.

Here it was intended to air authoritative opinions on the creation of Health Programmes, whilst also con-
centrating on the toxicology of hydrazine, a complex but an increasingly common hazard.

Recent developments in military tactics have also demanded the operation of aircraft from hard shelters. The
environmental hazards associated with these operations was dealt with in considerable depth and much interest
was generated by the UK. experience in this field.

5. SUMMARY AND CONCLUSIONS. Session B consisted of an in-depth analysis of the working environment of those
employed in the aviation field. It identificd many of the current health hazards, and pinpointed many that workers may
be exposed to in the future. Recommendations were made as to their avoidance and control, and it was felt that the
session resulted in meaningful and worthwhile advice being made to the panel and through it to doctors responsible for
the health of employees in this industry. In such a vast field much was left undone and unsaid, but insofar as was poss-
ible to do so in one and a half days much was done and said, and in this respect it is believed the session was very
successful and worthwhile.

6. RECOMMENDATIONS. As further experience is gained in Hard Shelter Operations 1 think that regular updating
sessions should be held on their environmental aspects. [t seems obvious that the more we travel along this road the
more problems we shall find, and to prevent undue repetition of work and mistakes with consequent expense regular ex-
change of information would be advantageous. Perhaps at some time in the tuture an AGARDograph might help.

The same philosophy holds true for the field of toxicology, and what was so successtully done for hydrazine at this
meeting should be done for other toxicological hazards as cach is identified and preferably before they are introduced
into widespread use.
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PSYCHOLOGICAL PROBLEMS OF AIR TRAFFIC CONTROLLERS AND RADAR OPERATORS

V. David Hopkin
RAF Institute of Aviation Medicine,
Farnborough, Hants,
United Kingdom

SUMMARY

Potential solutions to some of the psychological problems traditionally associated with air traffic
control and radar operators have become available with the advent of secondary radar and of advances in
display technology. Greater flexibility in workspace design can remove many of the main sources of visual
and postural difficulties. Recently the effects of stress on efficiency and well-being have been the sub-
ject of much keen debate and of some research, particularly in air traffic control. Some of the psycholo-
gical problems associated with boredom are equally serious, but comparatively neglected. When automation
in the form of computer assistance is applied to decision making and problem solving, its implications
extend beyond system performance and efficiency to influence job satisfaction, professional pride, oppor-
tunities to acquire and use skills, and the integration of the roles of man and machine. These less mani-
fest effects of automation are the source of numerous current and future psychological problems for air
traffic controllers and radar operators.

1. INTRODUCTION

In the past, some recalcitrant psychological problems and environmental health hazards have been associ-
ated with the tasks and the working conditions of air traffic controllers and of radar operators. The main
impetus for research seeking to remove these problems and hazards came from the operational need to maintain
or restore system efficiency. Sometimes it was presumed, on insufficient evidence, that all the information
necessary to reach required operational standards had been provided in usable form. The success or failure
of any changes in air traffic controllers' or radar operators' tasks was judged according to achieved per-
formance, neglecting incidental effects on well-being, job satisfaction or effort.

Because of the serious operational consequences of poor performance of air traffic control or radar
operating tasks, from whatever cause, much effort was devoted to providing work environments which fostered
efficient task performance. Radar displays, particularly in conjunction with other displays in the console
or with wall-mounted displays, created many problems in workspace design, the most serious of which were
visual. Attempts were made to formulate general principles for the design of efficient workspaces. Numerous
studies of specific environments sought either to improve performance in future systems, or to achieve more
acceptable performance in existing systems if the attained efficiency had manifestly failed to match ogera—
tional requirements. These principles and findings have been incorporated in specific(l) and general(2)
handbook recomme?dations, and many of the ambitious research programmes from which they were derived have
been described(3),

2. TRADITIONAL VISUAL PROBLEMS
2.1 Quality of Radar Information

Early studies were concerned with difficulties in discriminating or interpreting the contents of radar
displays(4). The displayed information was often of poor quality, near the visual threshold, viewed against
a cluttered background, and subject to fading and uncertainty. The radar tracker had to find, identify and
follow the blips which constituted the track of an aircraft or target. Sometimes the man was expected not
only to detect the presence of a radar track but also to discriminate it from others and make accurate
intuitive speculations about what it might represent. While the successful performance of such a task was
operationally desirable, the requisite information was not always present. When it was, its quality might
be so poor that great skill, experience or flair were required to interpret it with consistent success. In
some circumstances it was very difficult to verify whether an interpretation was correct or not. Attributes
of the blip, such as its size, shape, visual texture, relative movement and persistence, were used by the |
experienced radar operator to decide whether a genuine track was present and to suggest what it might repre-
sent. With such a display, any small departure from the visually optimum environment, or a marginal degra-
dation of the display itself, could render much of the information on it unintelligible.

2.2 Ambient Illumination

It was therefore imperative that any information which could be sensed by the system and appear on the
display should not then be lost because the man could not see it. The type and level of ambient illumina-
tion had to be chosen carefully to optimise the visibility of the radar information. Amber tubes had white-
minus-amber lighting for example, and other types of ambient illumination, such as broad blue band, were
evaluated in relation to specific display characteristics(5). It was acknowledged that the radar picture
might need adjustment from time to time, and therefore the operator was provided with a facility to vary the
brightness of his radar display, although it was never proved that he was capable of choosing the operation=-
ally most efficient brightness setting as distinct from the one he liked best.

The degradation of displayed information by reflections and glares on the tube face was studied, and
precautions were taken to minimise the unwanted scattering of light. It proved difficult to position light
fitments in a large room containing numerous radar displays, without incurring reflections or glare some-
where. Elaborate cowlings and controls for light fitments were often introduced to try and circumvent this %
difficulty(6),
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In many early radar rooms the lighting levels were so low that operators on entering the room had to
wait until they had become sufficiently dark adapted to the environment to go to their workplaces without
tripping over furniture or bumping into others. In circumstances when any departure from optimum viewing
conditions could render displays useless, changes which were desirable for the operators' comfort or well-
being, but which would make their tasks impossible, could not be entertained because they would lead to
gross impairment of operational efficiency.

2.3 Compatibility of Radar and Other Displays

The relationship between the radar display and other displays in the same workspace led to difficulties.
One problem was to ensure that information on other displays in the same console or suite as the radar dis-
play remained visible under the low ambient lighting levels entailed by the radar. Beyond each man's work-
space, undesirable pools of darkness or brightness within the visual environment could occur, associated
with different lighting requirements for different displays. The employment of colour coding of information
was restricted by the low lighting levels and often by the need to use coloured ambient lighting. Some
improvements to the visual environment were made by using relatively neutral or unsaturated colours with
matt surfaces, to reduce unwanted glare, reflections and light scattering. Certain traditional features of
air traffic control and radar working environments continued to appear although they were not appropriate,
and probably never had been. For example, whereas the presence of radar displays might make dark ceilings
and dark walls essential, the almost universal adoption of dark flooring implied a blinkered approach to
optimising the workspace and to appraising the factors which could be modified. Even under present condi-
tions light coloured flooring in rooms with low illumination enables furniture to be more readily seen, and
the level of ambient illumination can generally be raised somewhat in this way without significant visual
penalty.

The use of radar displays in conjunction with large wall-mounted displays has been a prolific source
of visual problems in the past. At one time, wall displays were almost universal in air defence and air
traffic control environments, and they are still very common in the former. A task analysis does not always
prove the need for general wall-mounted displays, and the reasons advanced in their favour are not always
convincing. The information on them is normally of limited use to individual controllers or operators since
each man requires for his own job more detailed information than they give. While it is rot contended that
general displays are superfluous, the way in which they are actually used, rather than the ostensible reasons
for their presence, should be made clear. In many air defence or air traffic control environments a summary
of the current situation helps to provide everyone with some knowledge of the results of their efforts and
of what is happening. A wall-mounted general situation display may serve this purpose well, and may be
suitable for briefing and for various command decisions, though it should not be designed solely to meet the
needs of the most senior man present, which are usually better served by an individual display. It may also
be useful as a simplified and readily intelligible summary for visitors who are not concerned with the fine
detail of the system and may have neither the time nor the inclination to understand it fully; but there is
great reluctance to admit openly that a main justification for its existence may be its value as a summary
for visitors.

Wall-mounted displays in radar environments pose in more acute form all the visual problems associated
with displays within the console. If possible, the man's radar and other individual displays should be
matched fairly closely in brightness with the wall display, particularly if he frequently has to cross refer
between them. Visual difficulties may be encountered with tasks requiring this cross referal constantly,
and task designs should minimise the need for it. The difficulties are aggravated if frequent visual
accommodation changes associated with the different visual distances of individual and wall-mounted displays
are accompanied by changes in pupil size because the display sources differ substantially in brightness
levels. General situation displays are normally far enough from the man to appear at visual infinity.

Wall-mounted displays often have specialised illumination, such as ultra-violet lighting or back or
forward projection. In some current systems, methods for updating this information have been little influ-
enced by modern technology. It is still possible to find wall displays which are amended manually from the
rear by writing a mirror image of the characters. In such displays, viewing panels must be transparent,
and this can aggravate glare and reflectance problems.

The reason for recounting these traditional visual problems is that at present many radar operators
still work in these conditions, with a radar picture containing information near the visual threshold, with
low levels of ambient lighting of a spectrum which is compatible with the radar display but not with ocher
displays, and with combinations of near and far information displays which entail frequent head and eye
movements, and reaccommodation. Such working conditions have caused psychological and occupational health
problems in the past, and continue to do so.

3. OTHER TRADITIONAL PROBLEMS
3.1 Knowledge of Results

Another long-standing psychological problem associated with ground control systems, and particularly
with radar operators, has been the provision of adequate knowledge of results to show the operator the con-
sequences of his actions for the system as a whole, and thereby enable him to learn to improve his perform-
ance, Operators trained to follow standard instructions may have no clear idea of their true role within
the system, or of the efficacy of what they are doing. If an operator has insufficient knowledge of results,
his tasks, which may alread; tend to be dull and tedious, can become even more so. Some tasks, particularly
those related to vigilance( ) and visual search(8), may be of a kind which man does inefficiently but which

have to be done manually because they cannot be automated. FEven the most experienced, skilled and well-
motivated man cannot perform, day after day, a routine vigilance task on a radar display with a consistently
high level of success, particularly if he cannot tell whether he is doing the task well or not.




3.2 Watch Lengths

The efficiency of performing vigilance and search tasks decreases during a period of continuous work-
ing, although this effect has been more clearly established in the laboratory than under operational condi-
tions and may to some extent be an artifact of laboratory experiments. In practice it is acknowledged that
the man should not do such tasks continuously for long without a break. It is difficult to make firm recom-
mendations on the spacing, length and nature of breaks, since characteristics of the task, of the individual
man, of the working environment and of the equipment are all relevant, but continuous watch periods of two
hours are normally too long to maintain efficiency. For certain radar tasks, thirty or forty minutes is
long enough to work without a break, and even during such short periods the level of proficiency may gradu-
ally decrease, perhaps with a late improvement in performance if the man knows that a break is nearly due "
In extreme cases the period required to become fully dark adapted may approach the duration of each watch
period.

3.3 Postural Problems

In most ground control systems, tasks are designed to be performed by teams. Controllers and operators
liaise closely with their colleagues, often to the extent of sharing displays or other facilities. There are
difficulties in designing furniture and in locating displays and controls within it to meet known ergonomic
requirements for individual operators(lo . Tasks may require more displays and facilities than can be
accommodated within the operator's immediate field of view or within easy reach. He may have tc stretch or
lean in order to see information or to reach controls. The most serious postural problems are associated
with shared horizontal information displays. There is inadequate room for legs or knees under these dis-
plays, and some operators therefore have to sit aleongside them and lean sideways across them 11| The fre-
quent adoption of such postures reveals or aggravates any incipient postural weaknesses.

3.4 Effects of New Display Technology

As air traffic control and air defence systems have come to rely more on centralised computers and to
incorporate new display principles, many of the causes of design problems in such systems wnich paid little
heed to operators' needs are no longer present. While it is potentially misleading to imply that displays
are suitable for normal daylight viewing by describing them as daylight displays or bright displays, never-
theless higher and more acceptable levels of ambient lighting can now be introduced into the workspace. The
arguments against daylight at workspaces in ground control systems now concern its variability as much as
its brightness, with the need to maintain satisfactory lighting during exterior darkness.

Problems arose in the past by giving radar operators a task which could not be done well because of
limitations in human capabilities, by ensuring poor motivation because the task was dull and knowledge of
results could not be provided, and by requiring the task to be done in a dark, tiring and perhaps depressing
environment to which operators had to adapt. For many tasks, primary radar can now be replaced by processed
radar presenting computer generated information derived synthetically from primary sources. All such inform—
ation can be displayed in a form which is clear and easy to interpret. Deficiencies in the portrayal of
information originate in faults in the display specification, which can be remedied, and not in inadequate
data sensing, which could not be circumvented. Information is now more legible because modern displays with
a rapid decay rate and frequently refreshed picture have replaced displays with a low decay rate and conse-—
Juent smearing of dynamic information. Several recent advances in display technology permit all the inform—
ation presented to be bright, clear, stable and with good background contrast, These developments facilitate
the interpretation of display content and allow higher levels of ambient iliumination.

As a result workspaces can now be designed to meet the needs of the man as well as operational require-
ments. Workspaces for many air traffic controllers and radar operators can be well lit so that they can see
to read and write without difficulty., While problems are still met in matching the lighting of wall~mounted
and individual displays and of radar and adjacent non~radar displays} satisfactory solutions to such problems
can now be devised. Since the working environment is clearly visible, materials and colours which blend and
look efficient and attractive should be chosen for it, Controllers and operators can go straight to their
workplaces without any period of dark adaptation.

These advances in display technology provide potential solutions for some of the commonest problems in
ground control systems. Until new equipment has replaced the old, those benefits remain potential rather
than actual. However in the long term the seriousness and frequency of the traditional problems associated
with radar rooms should gradually decrease until they become uncommon. Meanwhile the requirements remain to
equate local and wall-mounted displays for brightness, and to minimise the need to cross refer between them,
by employing appropriate task designs in which computer storage and individual call-down facilities enable
the man to select for presentation on his own display all the information he needs for his task, including
a summary of the general situation if this is pertinent to his task or to his knowledge of results.

Technological advances may also help to alleviate postural problems. Many previous faults could be
attributed to inadequate task design, such as the need to stretch up, reach over-head, stretch across an
adjacent operator, or sit sideways with shoulders hunched in order to see an essential display or to bring
a control within reach, Nevertheless inherent equipment limitations sometimes prevented the formulation of
any adequate task design. Current and future systems place more emphasis on inter-console marking, on
actively retrieving required information from the system, and on transmitting information via keyboard and
the computer rather than verbally. This leads to greater autonomy at individual work positions, and to
indirect rather than direct consultations between team members. Tasks can now therefore be designed for
individuals rather than for teams, and workspace designs optimised for individual instead of team functions.
With increased individual avtonomy the incidence of postural difficulties should decline. The expected
trend is towards vertical rather than horizontal displays. However, postural difficulties may persist for
some years, as long as the equipment configurations which give rise to them remain in operational use.
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4. THE CURRENT PROBLEM OF STRESS
4.1 Stress as a Stimulus

In air traffic control much attention has recently been paid to stress. It is now accepted that stress
is(?zpfa?lem in aif traffic control, and the main emphasis is on methods of quantifying it and alleviating
it 4 . There is no agreement on a definition of stress or even on the sort of concepts which should be
used to describe it. The word 'stress' is used with two distinct meanings; as stimulus (cause) and as
response (effect).

Stress as a stimulus is a very broad concept. It may refer to almost any aspect of the physical
environment, the tasks, or working conditions which in some way departs from the optimum. Numerous kinds
of measurement may purport to assess stress, including performance and systems measures, physiological and
biochemical indices, and subjective reports. Stresses may be classified as physical environmental stresses
(noise, cold, etc), load and speed stresses (having too much work to do or too little time to do it), task
induced stresses (responsibility for safety, etc), social stresses (ability to work amicably with others),
and stresses associated with conditions of employment (management quality, morale, shift work, off duty
facilities, job satisfaction, etc). Additionally, factors not directly associated with the work, such as
domestic or financial crises, may constitute stresses which affect the man at work, mentally, behaviourally
and physiologically. Stress must therefore be treated partly in general terms, insofar as, for example, all
loud noise may be a stress. It must also be treated in individual terms because the individual's recepti-
vity, his state of adaptation and the other stresses to which he is being concurrently subjected, all medi-
ate the severity of a given stress. E

4.2 Stress as a Response

The concept of stress is also employed to refer to the individual's response to stress as a stimulus.
In this sense, stress is sometimes called strain, or distress. Stress as an individual response may be
measured behaviourally, subjectively, physiologically or biochemically. Stress is not necessarily unpleasant
and people may seek to generate it in their leisure activities. Its importance for air traffic controllers
or radar operators relates both to its associated physiological and biochemical changes and also to its effects
on performance and system capacity, often by reducing the workload the man can successfully undertake. The
nature of the individual's response to, and tolerance of, stress is probably linked to his personality.

Ambiguities about the concept of stress can be illustrated by trying to define its opposite. In one
sense the opposite of stress may be boredom. In another sense, its opposite may be having an optimum amount
of interesting work to do at one's own pace: boredom may then be a stress.

The number of published papers on stress in air traffic control is now very large, especially in con-
trollers' own professional literature. Although some papers report scientific findings or statistical rela-
tionships, many are mainly descriptive, or list postulated categories of stress. The findings of studies on
stress have often been used not to determine tolerable levels or to reduce it, but to claim better working
conditions such as earlier retirement, shorter working hours and reatrrangement of shifts. While these may
be worthy aims the evidence to support such claims is not strong when derived solely from findings about
stress. Unwarranted preconceptions on the causes of stress in the individual have sometimes had undue influ-
ence on the interpretation of findings about it.

4.3 Inconsistent Findings

A characteristic of studies on stress in air traffic control is that findings from different countries
do not fully agree. Even with simple assessments, such as comparing the incidence of a few psychosomatic
illnesses among controllers and other groups, the results do not tally, the problem being apparently more
severe in the United States than in the United Kingdom for example. There is no shortage of hypotheses to
explain this finding, but the evidence required to establish which are correct does not exist. Although
controllers in both countries nominally do the same task, in fact the air traffic control procedures, the
divisions of airspace, the traffic densities and patterns, and the nature of the air traffic all differ. In
the United States there is far more general aviation traffic, often associated with less experienced pilots
and with fewer navigation aids in the aircraft. Controllers in the two countries are not drawn from equiva-
lent statistical populations, and are not selected in the same way. Their training is different, and also
their experience since policies about moving controllers to other regions and other kindz of air traffic con- |
trol are not the same. There are differences in work/rest cycles and in hours of work(18) | Conditions of
employment , standards of living, life styles, and quality of management may also differ. Further relevant
factors could be postulated, such as the status of air traffic control as a profession, the extent of the
individual's identification with his profession and the intrinsic interest of the job. Any satisfactory
explanation of differences in the incidence of stress-related illnesses is therefore likely to be complex,
and not confined to a single factor.

Encouraging progress is being made towards deriving a stress index, sensitive to differences in air
traffic demands and to handling capacities 5). 1If the research continues to be successful, it raises the
issue of how a tool such as a stress index should be used. Some of the commonest findings about shift work,
comparing sleep deprivation with various shift schedules, have not been verified when tested with air traffic
controllers(16) | and findings on controllers do not conform closely with what is known about diurnal rhythms.
The physiological cost of the controller's work is therefore a matter of debate.

4.4 Boredom and Stress

While the problem of stress is undoubtedly serious and genuine in air traffic control, the recent empha-
sis on it has perhaps become excessive because it has led to the comparative neglect of other problems, par-
ticularly boredom. Many radar and plotting tasks for operators are intrinsically tedious so that it is dif-
ficult to reach and maintain highly efficient performance of them. Operators find it almost impossible to
keep continuously alert, attentive and vigilant for a long period whilst scanning a display on which there
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is little to see. To increase the probability that a signal will be detected numerous strategems have been
tried, from introducing additional false signals to providing automated aids or shortening periods of con-
tinuous working 7). Boredom may not only reduce efficiency and morale but also impair safety. Incidents

or infringements of separation standards in air traffic control are not always associated with heavy traf-
fic, and the alleviation of stress would not necessarily decrease such incidents, since some occur in light
traffic. If the system is manned to deal with peak traffic loadings, at other times the tasks may be boring
and too undemanding for the intelligent people required to do the job.

Attempts to alleviate stress usually entail some reduction in workload, but the successful attainment
of such a reduction may aggravate boredom and have further unforeseen consequences, related to a common
dilemma in air traffic control. Behavioural measures of a controller handling traffic at a busy centre
appear to show that he is overworked, often to the extent of performing several tasks concurrently.
Physiological and biochemical indices of the effects of such a workload on him suggest that his performance
is being achieved at considerable cost. Subjective assessments indicate that he is busy and may feel very
tired by the end of his work period. The behavioural, physiological and subjective evidence agrees that he
is working very hard, perhaps too hard, and so it is argued that his workload should be reduced. However,
further questionning reveals that he likes to be busy and that the conditions which lead to stress and high
workload also provide job interest, job satisfaction and opportunities to exercise skills. There is there-
fore some danger that any successful solution of the problems of stress and workload may introduce problems
of boredom and dissatisfaction, which are themselves complex 17),

e IMPLICATIONS OF AUTOMATION
5.1 Man and Machine

The progressive introduction of automation and computer assistance into air traffic control and air
defence systems has led to several human factors problems, some specific to those systems and others associ-
ated with most large man-machine control systems. Much automation has been of benefit to the controller,
but sometimes the needs of man at work have proved difficult to reconcile with demands for increased system
capacity. Initiallg man and machine were treated competitively and lists were compiled of the functions
suitable for each(18), Only those functions which could conceivably be done by a machine tend to be included
in such lists. Functions allocated to the man decrease with advances in technology, and they may be assigned
to him not because he can do them well but because a machine cannot do them at all. If man and machine are
presumed to be so similar that principles for allocating functions to one or other of them can be compiled,
these can be expressed only in machine terms. The data handling capacity of the man may be discussed, but
it is nonsense to discuss the pride of the machine. It does not follow because machine concepts are the
only common language that they must be valid but rather that since their adoption is a matter of expediency
their adequacy is bound to be limited.

A later development was to consider man and machine as complementary rather than comgetitive and to try
and ensure that they matched each other rather than clashed in their allocated functions(19) Lists of
suitable functions for the man, compiled on this basis, can acknowledge human attributes whereas a more
competitive approach cannot. Nevertheless many of the arguments against the competitive approach apply
equally to the complementary one.

Comparing the man and the machine and assigning functions to each implies that there is one best way to
perform each function. While this may generally be true for machines it is not always so for the man, par-
ticularly in command and problem solving roles where different strategies may be adopted and similar deci-
sions may be implemented by several methods. If there is one best way to do a task, it should be followed;
but if there is not, favoured individual methods which are safe and acceptable to others should be tolerated.
Otherwise the man may interpret the imposition of a single method as unwarranted flouting of his professional
skills and expertise.

From time to time strong pressures arise to introduce changes on the assumption that a technological
advance must be an operational gain. It would be a considerable coincidence, however, if the operational
need for a new device happened to occur at the same time as its first appearance on the market. Many recent
advances in display technology give the impression of innovations looking for an application. A new display
principle is likely to incorporate the normal human factors problems associated with displays and also one
or two new problems peculiar to that principle. These might refer to renewal rate, clarity, persistence,
relations to ambient lighting or legibility. Trials of new devices are intended to demonstrate their advan-
tages but any disadvantages are never explored with comparable thoroughness. As a result, inadequacies may
be revealed only when the equipment is in service, A current example is the interest in colour displa¥s in
air traffic control where its benefits are emphasised but its known deficiencies tend to be neglected( 0)

5.2 Human Limitations and Needs

It is rare for an automated or computer-assisted function to replace the corresponding manual function
in its entirety, At an early stage of automation the computer stores and collates data, and the controller
or operator has a facility for the selective call~down of information onto a display. This may demonstrably
reduce his workload, particularly if he does not have to enter information into the computer manually, but
to retrieve information when it is needed the controller has the extra tasks of searching lists of items for
the one he wants and of using keyboards to call it down. He also has to learn and remember what is available
on call down.

Transponding of information can also save workload but at the cost of removing some qualitative sources
of information from the system. As the volume of R/T communications between controller and pilot is reduced
by direct transponding between air and ground, less information is available to each about the confidence and
competence of the other. Each becomes less sensitive to the perceived needs of his listener. Information
conveyed hitherto by tone of voice, intonation, pace of speech, pauses, phrasing and choice of language may
be lost in automated data transmission.

DISCUSSION




As automation is introduced into decision making and problem solving, which depend more on the control-

ler's skills and professional knowledge, his role is changed.

which differ from those which the controller himself would have chosen.
solutions, particularly if he does not know enough about the factors which have influenced the computed solu-
The role of the computer may be to formulate solutions

After a time, once he becomes convinced that the proposed solutions are
If a solution is later called into question, he may not

tion to judge whether he should override it or not,
for the man to accept or reject.
always safe, the man may habitually accept them.

know why it was proposed and may not even remember what it was,

for responsibility and job status.

whether automation can be carried too far.

the information presented and perform his tasks efficiently.
defence systems the distinction between the provision and the use of information is assuming importance(zl).

Changes of this kind also have implications
They imply that selection and training methods should be re-examined:
the abilities which once were appropriate for air traffic control or radar operating may be irrelevant in a
more automated system where different skills are needed.

If this has happened, it raises the issue of

There is a tendency to presume that if the correct ergonomic procedures have been followed in task
design and in the portrayal of all the necessary information for a job, then the man will be able to use

The computer may provide solutions to problems
He tends to be uneasy about such

Increasingly in air traffic control and air

It is not enough to provide all the necessary information without ensuring that it is in a form which the
man can use and understand.

Man's limitations in processing information and in perceptual judgement limit
the quantity and format of information which he can assimilate, yet the extent of certain limitations only
becomes clear when a task can be automated and comparisons are made between man and machine.
efficient performance can seldom be achieved by a man at search, vigilance or monitoring tasks.
poor at recognising errors which are plausible.

used unless he can remember at the appropriate time that it is available.
tion which is not compatible with the man's normal thought processes may be ignored or misunderstood.

is often much simpler to formulate automated solutions to problems than to devise a reliable means of ensur-—

ing that the man can recall them.

Until recently, the discussion of many problems in system terms led to the comparative neglect of rele-
vant factors which could not be expressed in such terms.
of job attraction and job satisfaction(22), of challenge, of morale, of professional pride, of responsibi-
lities and status, of the opportunities to acquire skills and to exercise them, and of the role of manage-
ment(23), in the efficient performance of tasks in man machine systems.

factors is now acknowledged, many of the associated problems have not yet been solved or even seriously

studied in air traffic control ard radar operating systems.

Consistently

He is also
Stored information, available on call down, may never be
Well displayed relevant informa-

It

There is now a greater awareness of the relevance

Although the importance of these

The potentially conflicting requirements of

system efficiency and of the needs of man at work in a semi-automated system have still to be reconciled.
The effects of automation on the man are the origin of many current and future psychological problems in
these systems(24).

6.

CONCLUSIONS

While the traditional visual and postural problems associated with radar and air traffic control tasks

may continue to recur for some time, recent developments, particularly in display technology, provide a
means for resolving many of them or reducing their incidence or seriousness. Problems such as matching

ambient lighting with radar and other displays continue to appear but more satisfactory solutions should be

possible in the future.

actively studied.
job interest, job satisfaction and the opportunities to exercise skills.

Stress as a problem, particularly in air traffic control, has now been acknowledged and is being

dom, which becomes more serious as automated aids gradually replace manual functions.

can be considered for such allocation.
allocations are made.

cannot do them at all.
skill.

In the allocation of functions to man and machine, only those which can be expressed in machine terms
Certain qualitative aspects of tasks may therefore be ignored when
Whether a given function should be done manually depends partly on the state of tech-
nological development: tasks may be assigned to the man not because he does them well but because the machine
Automation affects performance and efficiency, and also the roles of memory and

As solutions to the traditional psychological problems become available new problems arise, some of
which originated in the methods adopted to resolve the traditional problems within a progressively automated

environment.

7.
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DISCUSSION .

Air Cdre J.N.C.Cooke, UK ' !
With the introduction of new and automated systems, do you find any evidence of the
growth of a 'generation gap' between the older controllers and those who have little
or no experience of the older methods.

Author’s reply
There is already within air traffic control a gap between older controllers,
trained initially in procedural methods, and younger controllers, familiar with
radar from the cnset. A gap may be developing between all existing controllers,

used to mainly manual methods, and controllers recruited at present or in the
future, who will be familiar with computer assistance from the outset. There is
however, no evidence of a major generation gap among existing controllers in their
attitude to automation. Most give it a cautious welcome, and hope to be convinced
that it is of genuine assistance to them, The effects of automation, however, vary
with age, because older controllers have greater difficulty in learning new methods,

and particularly in forgetting old, familiar, but no longer relevant procedures.
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ETUDE STATISTIQE SUR LA PATHOLOGTE DES

CONTROLEURS-RADAR DE LA CIRCULATION AERIENNE

SES_RAPPORTS AVEC LE STRESS PROPRE A LA FONCTION

par

E. EVRARD
Médecin-consultant a
EUROCONTROL (Bruxelles-Belgique)

RESUME

L'auteur présente les statistiques de la morbidité rencontrée dans deux catégories de contrdleurs-
radar : un groupe de 693 contrBleurs militaires, utilisant du matériel non automatisé et un groupe de
149 contrdleurs civils utilisant un systéme trés automatisé. Les statistiques y relatives portent
respectivement sur 7 années et demi et 4 années.

Le taux annuel moyen d'élimination pour inaptitude physique ou mentale est faible : environ 0,5 %.

Les statistiques montrent une absence presque totale de pathologie visuelle et de pathologie
auditive, chez les contrBleurs utilisant les équipements trés automatisés.

La pathologie attribuable & la tension nerveuse est d'interprétation difficile. L'auteur s'est servi
de deux critéres : 1'inaptitude physique et mentale en cours de carriére et les absences pour motifs de
santé supérieures & 9 jours. Les affections qui auraient pu €tre causées ou aggravées par le stress
inhérent & l'exercice de la profession sont peu nombreuses.

De la comparaison entre le taux de morbidité rencontrée dans le groupe de contrdleurs et les taux
constatés dans un groupe d'assistants-contrB8leurs, un groupe d'éléves et stagiaires et un groupe de
personnel administratif et technique du m@me Centre de contrdle, il résulte qu'aucune pathologie spécifique
propre aux contrdleurs-radar ne peut €tre clairement mise en évidence.

INTRODUCTION

La détermination de la charge de travail du contrBleur-radar préposé au service de contrBle de la
circulation aérienne fait actuellement 1l'objet d'études importantes. Elles portent sur 1'emploi de
critéres psychologiques, physiologiques et opérationnels. Gerathewohl, Chiles et R.I. Thackray (1) - (2)
ont fait récemment une mise au point de la question et ont cité, & cette occasion, les nombreux travaux
publiés sur ce probléme. Il est unanimement admis que cette charge, dans les Centres de contrdle
desservant des grands aérodromes, peut 8tre qualifiée d'élevée, soit d'une maniére continue, soit &
certaines périodes de la journée,

Le hut de la présente étude est de rechercher si les réponses physiologiques et psychologiques qui
accompagnent la performance des contr®leurs~radar peuvent aboutir, selon une fréquence significative, a
des formes pathologiques particuliéres.

Les études statistiques relatives A la morbidité constatée chez les contrdleurs-radar sont peu
nombreuses. En outre leur interprétation est difficile.

Pour notre étude, nous avons rassemblé des statistiques que nous avons récoltées dans deux groupes

de contrdleurs-radar :

1° un groupe de 693 contrdleurs-radar de la Force aérienne belge : nous avons recherché les causes des
inaptitudes physiques et mentales, survenues dans ce groupe pendant une période de 7 ans et demi
(ler janvier 1963-30 juin 1970). Ce personnel n'a utilisé que des systémes non automatisés;

2° un groupe de 149 contrdleurs-radar, en service dans un m@me centre de contrdle régional ou contrdle
"en route", relevant d'Eurocontrol, Ce centre fonctionne selon un systéme hautement automatisé. Son
personnel provient de sept nations d'Europe Occidentale. Nos observations portent sur 4 années
conséecutives (1972-1975). A défaut de cas d'inaptitude physique et mentale pendant cette période, nous
avons recherché les causes médicales qul ont Just!’1é les absences pour motifs de santé, A& partir d'une
certaline durée d'absence (absences supérieures & 9 jours).

Nous avons essayé de cerner le probléme dans le cadre sulvant. Nous considérons d'une maniére
distincte les trois aspects généralement étudiés dans la pathologie du contrBleur-radar :

1. la pathologie visuelle;

2, la pathologie auditive;

3. la pathologle causée par la tension nerveuse et la surcharge émotive. En ce qui concerne cette
pathologle ol se marqueraient les effets du stress, notre recherche s'est limitée, par sougi de
stricte objectivité, aux axes suivants, afin d'écarter 1'intrusion de critéres utilisant des données
qui mériteraient le reproche d'avoir un caractére subjectif :
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a) Le stress inhérent aux activités du contrdleur-radar peut, par son intensité et sa répétition, avoir
des effets tels que ces derniers aboutissent & créer 1'inaptitude définitive & la fonction. D'olu
1'étude des causes médicales d'inaptitude définitive du personnel.

b) Le stress, sans déboucher sur cette extrémité, peut @tre suffisant pour causer des arréts momentanés
dans 1'activité professionnelle. D'ol 1'étude des causes médicales responsables des absences pour
motifs de santé.

Nous avons donc adopté deux critéres objectifs pour classer nos données statistiques relatives aux
effets du stress : 1'inaptitude définitive A la fonction pour des raisons médicales et les absences d'une
certaine durée pour cause médicale.

Certes, le stress peut ne pas provoquer l'arr8t définitif ou momentané de 1l'activité professionnelle,
mais @tre néanmoins suffisamment intense pour détériorer la performance et causer l'apparition d'une
certaine symptomatologie qui est souvent & base de manifestations psycho-somatiques diverses. L'étude de
la symptomatologie dont les rapports avec la charge du poste de travail ne peuvent @tre exclus a priori est
intéressante. Mais, afin de ne prendre en considération que des critéres objectifs, nous n'avons pas tenu
compte de cette symptomatologie. C'est aussi la raison pour laquelle nous nous sommes abstenus d'utiliser
la méthode des questionnaires & remplir par chaque membre du personnel faisant 1'objet de 1'étude.

Nous pensons néanmoins qu'avee les deux critéres que nous avons choisis, nous avons retenu la majeure
partie de la pathologie méritant considération pour les objectifs poursuivis.

I. PATHOLOGIE VISUELLE

Nous avons longuement décrit dans des travaux antérieurs (3), (4), les facteurs visuels qui inter-
viennent dans la présentation des données et dans leur lecture sur l'écran-radar et sur les tableaux
d'affichage. Ils conditionnent 1l'existence ou 1l'absence de la pathologie visuelle. La fatigue visuelle
des lecteurs de 1'écran-radar, appelée aussi "fatigue opérationnelle du radariste", sur laquelle les
travaux médicaux insistaient quand n'existait que le radar manuel, ne se rencontre presque plus avec le
radar automatisé. Elle prend la forme d'une irritation oculaire du genre "conjonctivite", caractérisée
par des picotements, des larmoiements, une congestion du bord libre des paupiéres, une hyperémie
conjonctivale, des céphalées sus-orbitaires.

Dans les travaux publiés jusqu'aux environs de 1960, on note une assez grande discordance entre les
auteurs sur la fréquence de cette fatigue, mais elle semble néanmoins avoir été importante. Mercier et
Perdriel (5), dans un travail paru en 1961, signalent que 20 & 40 % des lecteurs examinés auraient
présenté ces signes au cours de l'exercice de leur fonction pendant une période de 2 ans.

Nous avons recherché par 1'étude des dossiers médicaux, 1'existence de ces cas chez le personnel
d'Eurocontrol, Rappelons que ce dernier utilise de 1'équipement automatisé. Sur une période de 4 ans,
nous avons relevé 10 cas chez les contr8leurs-radar, soit un pourcentage annuel moyen de 2,37. Un seul
cas entralna une absence supérieure & 9 jours.

A titre de comparaison, nous avons recherché l'existence de cas similaires chez les assistants-
contrdleurs et chez les éléves-contrdleurs. Nous avons relevé 4 cas chez les assistants-contrdleurs, soit
un pourcentage annuel moyen de 1,88. TI1 n'y eut pas de cas chez les éldves-contrdleurs.

Ces faibles pourcentages montrent que cette pathologie est en trés nette régression. Elle est
appelée & disparaltre ou & ne se manifester que trés occasionnellement dans des circonstances spéciales
(intensité lumineuse excessive produite lors du dérangement d'un scope, mauvais réglage du rythme des
images lumineuses, etc...).

Les critéres visuels de sélection, les conditions modernes d& visualisation des données sur 1'écran
dans une ambiance lumineuse comprise entre 160 et 200 lux, et les progreés techniques qui ont abouti &
supprimer le scintillement des images lumineuses (flicker) permettent maintenant de réduire considérable-
ment ou de supprimer les sources de la fatigue visuelle et de la pathologie qui lui est liée dans le
travail & 1'écran.

II. PATHOLOGIE AUDITIVE

Elle ne présente aucun caractére particulier chez les contrbleurs de la circulation aérienne.

Quand elle se produit, elle se manifeste comme chez 1'aviateur par une réduction insidieuse de
1'acuité auditive sur les fréquences de 3000 et 4000 hertz; ensuite le trou auditif gagne les fréquences
moins élevées, Cette fatigue auditive est relativement peu fréquente dans la pathologie propre au
contrdleur-radar,

1. Dans le groupe des contrdleurs d'Eurocontrol, nous avons rencontré en un an trois cas de contrdleurs
ayant un déficit supérieur A& 20 décibels ASA sur la fréquence de 3000 hertz & une oreille, mais
répondant encore aux conditions d'aptitude. Nous n'avons rencontré aucun cas présentant un tel déficit
chez les éléves, les staglaires et les assistants-contrdleurs.

2. Chez 382 contrdleurs de la Force aérienne belge (%), surveillés au cours d'une période de 7 ans et demi,
trols sujets ont été éliminés en raison des déficiences auditlves, soit un taux annuel d'éliminationde 0,105%




|
1

B2-3

3. Dans la statistique américaine citée par Zetzmann (6), on trouve %0 cas d'inaptitude pour défi-
clences auditives dans une série de 12,500 contrdleurs surveillés pendant 25 mois, soit un taux
annuel d'élimination de 0, 119 %,

T1 semble done raisonnable de dire que le taux annuel d'élimination pour raisons auditives est
faible et se s{tue aux environs de 0,1 #.

ITT. PATHOLOGIE DUE A LA TENSION NERVEUSE

1. Généralités
(1) Causes

La fonction essentielle du contrdleur, dans 1l'accomplissement de son travail, est la prise de
décisions sur le déplacement des avions dans le secteur qu'il est chargé de contrbler : choix des
niveaux de vol, de la route & suivre, de la modification de la trajectoire lors de la détection des
situations de conflits avec 1l'itinéraire suivi par d'autres avions et lors de la détection des
retards dans 1'écoulement de la circulation aérienne en cas d'encombrement d'un secteur, etc...

Dans les systémes non automatisés, le contrdleur doit, en outre, préparer, classer et ordonner
les informations servant de base & sa décision. Il ne dispose que d'informations relativement brutes
qu'il doit d'abord raffiner.

Dans les systémes trés automatisés - c'est le cas pour le centre d'Eurocontrol que nous avons
étudié - les machines peuvent aider le contr®leur dans son pouvoir de décision. Dans ce cas, le
contrBleur peut n'avoir qu'a analyser les données élaborées en équipe et présentées d'une maniére
rationnelle par les machines. Mais, en définitive, si son travail est grandement facilité, la
responsabilité de 1'entérinement de la décision proposée lui incombe encore, aprés qu'il ait claire-
ment identifié et vérifié les parametres sur lesquels repose sa décision,

Méme avec 1'aide considérable qu'apportent les nouveaux systémes hautement spécialisés, les
activités d'un contrdleur de la circulation aérienne demeurent stressantes par nature.

I1 n'est pas douteux que les responsabilités a assumer, 1'intensité du travail & certaines heures
de circulation dense ou complexe, la concentration soutenue de 1l'attention, la conscience des consé-
guences catastrophiques d'une erreur créent une situation de tension constante. Celle-ci peut
aboutir A la surcharge émotive chez des sujets dont le contrdle psychique est labile ou s'est
affaibli & mesure que la tension crolt. Tl en résulte alors un surmenage nerveux dont la cause est
attribuable & la répétition des surcharges émotives. Il va de soi que 1l'intensité de la charge de
travail peut varier d'un centre & 1l'autre et, dans un méme centre, d'une heure A 1'autre.

(2) Facteurs favorisants

Un rBle favorisant dans 1'apparition de ce surmenage nerveux est dévolu A un certain nombre de
facteurs. On les rencontre dans de nombreux autres syndrOmes de fatigue.

Les plus importants sont des facteurs totalement extrinséques au milieu de travail : difficultés
familiales, conjugales, ennuis financiers, professionnels, activité accessoire lucrative mais
fatigante pendant les heures de loisir, etc...

D'autres facteurs sont 1i1és au lieu et aux conditions de travail., Ils tendent & perdre beaucoup
de leur importance en raison des améliorations nombreuses qui ont été apportées récemment & beaucoup
de centres de contrdle. Ces facteurs sont, par exemple, le bruit du milieu environnant, la tempéra-
ture excessive régnant parfols dans des salles de travail non climatisées, le séjour en milieu
confiné ou souterrain, etc... Il est tres difficile d'évaluer la part de tous ces facteurs, qui
s'ajoutent au stress professionnel, dans le stress global qui affecte 1'individu.

(3) Facteurs de défense de 1'individu contre le stress

Le stress n'a de sens que lorsqu’il est rapporté & 1'individu qui le subit. C'est pourquoi, on ne
doit pas seulement connaltre la nature et 1'intensité du stress, Il faut encore tenir compte de la
capacité de résistance du sujet qui subit le stress, des moyens de défense qu'il trouve dans sa personnalité,
son groupe social et son miiieu professionnel (cadence des périodes de travail et de repos, congés
réguliers, répartition appropriée du travail de nuit, cohésion des équipes, ete...).

(4) Manifestations psycho-somatiques du stress

On s'est demandé si la répétition des surcharges émotives chez le personnel des services de contrdle
de la circulation aérienne et plus particulidrement celui du contrBle radar, ne provoque pas une usure
physiologique plus rapide que dans d'amutres groupes de personnel ayant des occupations moins stressantes.
Pour tenter d'apporter une réponse, nous avons appliqué les deux critéres que nous avons déj& mentionnés
plus haut, pour évaluer les effets du stress sur la santé du contrdleur.
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2. Etudes statistiques sur 1'inaptitude physique ou mentale définitive & la fonction

Les statistiques quil paraissent les plus objectives et les moins sujettes & controverses dans
leur interprétation sont celles qui portent sur les causes médicales d'inaptitude physique et
mentale chez les contr®leurs de la circulation aérienne en cours de carriére, aprés une durée minima
de 2 ans de service. Rappelons que Zetzmann (6), précédemment mentionné, cite les causes médicales
d'inaptitude chez 147 contrBleurs américains des services civils de contrBle de la circulation
aérienne sur un total de 12,500 contrBleurs surveillés pendant 25 mois. Le taux annuel moyen d'éli-
minations pour inaptitude physique ou mentale est donc de 0,588 %.

Selon Zetzmann, trois groupes d'affections, attribuables au stress dans une certaine mesure,
représentent 45,6 % de la pathologie causale des inaptitudes (67 cas). Ce sont :

- des affections cardio-vasculaires 24,5 %;
- des affections neuro-psychiques 12,5 %;
- des affections gastro-intestinales et métaboliques 8,6 %.

Le taux d'élimination ol 1l'action causale du stress est probable est donc de 0,257 par 100 hommes par an.

a) Dans le groupe des 693 contrlleurs-radar de la Force aérienne belge, 15 sujets furent éliminés pour
inaptitude physique ou mentale au cours de la période de 7 ans et demi étudiée.

Ce groupe se décompose comme suit :

367 sujets sont demeurés aptes au cours de la période étudiée;
15 sujets sont devenus inaptes pour des raisons médicales, apreés plus de 2 ans de service;
311 sujets quittirent le service au cours de la période étudiée pour des raisons n'ayant aucun rapport
avec leur aptitude physique ou mentale (démission, mise & la retraite, mutation d’emploi, etc...).
Ils ne peuvent donc @tre retenus pour les calculs statistiques de morbidité.

Le tableau 1 fournit les causes médicales de 1'inaptitude physique ou mentale et 1'Age des sujets.

Tableau 1 - Causes d'inaptitude physique ou mentale & la fonction de contr8leur dans la Force
aérienne belge de 1963 & 1970.

Causes médicales d'inaptitude physique ou mentale Nombre de cas Age Remarques
1. Affections neuro-psychiques
Névroses d'anxiété 8 48 ans (1) Sujet présentant
42 ans en outre un ulcére
40 ans peptique
40 ans
39 ans
37 ans (1)
36 ans
34 ans
Crises convulsives d'origine indéterminée il 40 ans
2, Systéme cardio-vasculaire
Hypertension 1 47 ans
Sténose aortique sl 37 ans
3, Vision
Déficience visuelle A 31 ans
4. Audition
Déficience auditive 3 31 ans (2) fut antérieurement
35 ans membre du Personnel
43 ans (2) navigant (navigateur)

Pour les 382 contrBleurs entrant en ligne de compte, le coefficient annuel moyen d'inaptitude physique
ou mentale est de 0,54 %, Il est donc similaire & celui fourni par 1'étude de Zetzmann. Quant au taux
annuel moyen d'élimination pour des affections ou l'action causale *u stress est probable, il est de
0,314 % en utilisant la méme classification que celle de Zetzmann. Ce taux est relativement proche de celui
fourni par la statistique américaine de cet auteur. Toutefois, la répartition des affections causales
attribuables au stress par rapport A toutes les causes d'inaptitude est différente :

- affections neuro-psychiques 53,33 %;
- affections cardio-vasculaires 6,66 %,

On doit admettre que les taux annuels d'élimination, que 1l'on trouve dans les deux groupes cités sont
trds faibles. Il est probable qu'ils ne correspondent pas d'une manidre stricte A la réalité et qu'ils
devraient @tre un peu plus élevés., FEn effet, il est impossible de déterminer dans quelle mesure du
personnel démissionnaire et du personnel ayant obtenu, A sa demande, un changement de fonction, ont présenté
une baisse de motivation A la suite d'un état d'anxiété. Cet état, s'il devient de plus en plus insuppor-
table en raison des responsabilités inhérentes aux prises de décision dans des situations difficiles) peut
avoir incité le sujet A quitter le service. La vrale nature du cas échappe ainsi aux autorités médicales
et aux statistiques médicales, Meme en tenant compte de cette correction, on peut estimer que le taux
annuel moyen d'éliminations pour inaptitude physique ou mentale se situe entre 0,5 et 0,8 &,
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b) Dans le groupe des contrdleurs-radar d'Furocontrol que nous avons suivis pendant 4 ans, 11 n'y eut
aucune €limination pour inaptitude physique ou mentale.

Ceci n'a rien d'étonnant en ralson du nombre restreint de sujets faisant 1'objet de 1'étude, de leur
sélection préalable & l'admission, de la durée relativement courte de 1'observation (4 ans), de 1'Age
des sujlets dont plus de 80 # n'ont pas 40 ans (voir tableau 2).

Tableau ? - Répartition des contr8leurs-radar selon leur Age

Pourcentage des sujets par catégorie d'Age et par année étudiée
Catégories d'Age . ' . e " , . ,

lere annee 2éme année 3eme année 4eme année
73 sujets 91 sujets 108 sujets 149 sujets

19 - 24 ans 15,06 8,79 3,70 1,34

25 - 29 ans 21,91 27,47 19,44 30,20

30 - 34 ans 20,54 16,148 33,53 30,87

35 = 39 ans 23,28 27,47 27, T7 24,16

40 - 44 ans 10,96 10,99 7,41 5,37

45 - 49 ans 8,22 8,79 8,33 6,71

50 - 55 ans - - - 1,34

3. Etudes statistiques sur les absences pour motifs de santé

Dans la recherche des causes des absences pour motifs de santé, nous avons tenu compte que selon la
réglementation en vigueur A Eurocontrol, des absences d'un, deux ou trois jours ne doivent pas Stre
nécessairement justifiées par un certificat médical jusqu'a un total de 12 jours d'absence par période de
12 mois. Il est done pratiquement impossible de connaltre les raisons médicales véritables et précises
de tous ces brefs congés. On peut supposer qu'il s'agit le plus souvent d'indispositions de courte dur€e,
d'épisodes de fatigue, de soins dentaires, d'affections de gravité mineure. C'est pourquoi, d'une
maniére arbitraire, nous n'avons recherché les motifs médicaux d'absence qu'a partir d'un total annuel de
10 Jours d'absence au moins,

Puisque le but de 1'étude est de rechercher 1'existence éventuelle d'une pathologie propre aux
contrdleurs-radar, liée A& la charge de travail et au stress de la profession, il nous a paru nécessaire
d'introduire un élément de comparaison avec d'autres catégories de sujets soumis & des conditions de
milieu similaires mais ne participant pas & ce stress spécifique. C'est pourquoi 1'étude a également
porté au cours de ces quatre années :

a. sur des éléves contrBleurs en formation ou en stage de perfectionnement;
b. sur des assistants-contrdleurs.

Ces derniers sont des aides intimement associés au travail des contrdleurs. Leurs activités se
passent dans le méme milieu, mais ils ne supportent pas le poids du stress 1ié & la responsabilité des
prises de décision, ni la tension nerveuse que provoquent 1'encombrement des routes aériennes et
certaines situations difficiles dans le secteur aérien sous contrdle. En outre, pour pouvoir compléter
les comparaisons, nous avons également rassemblé des données numériques relatives aux absences pour
raisons de santé du personnel administratif et technique du m@me Centre, pendant une période d'un an.

Les trois catégories de personnel affecté au service opérationnel du contrBle aérien se répartissent
comme sult durant les 4 années sur lesquelles porte 1'étude (voir tableau 3).

Tableau 3 - Répartition du personnel opérationnel du contrBle aérien

Années Nombre de contrdleurs-radar Nombre d'élives-contrdleurs Nombre d'assitants-
et de staglaires contrdleurs

lére année 73 29 ok

2&éme année at 50 69

3eme année 10% 82 61

4eme année 149 46 62

En raison de 1'influence possible de 1'Sze sur la pathologle étudiée, le relevé statistique de
celle-ci est toujours précéde n tableau indiquant la répartition des sujets d'apres leur Age. Pour
1'Age des contrdleurs, on se reporters au tableau 2, déjA présenté ci-avant,
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Graphique 1 - Taux annuel moyen de morbildité attribuable au stress et provoquant des absences
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a. Absences chez les contrBleurs-radar

Le tableau 4 fournit la répartition des contr8leurs-radar selon la durée de leurs absences pour

raisons de santé.

Tableau 4 - Répartition des contrBleurs-radar selon la durée des absences pour raisons de santé

lére année 2&me année 3éme année 4¥me année
Nombre de Jours
d'absence pour Nombre de P Nombre de P Nombre de P Nombre de %
raisons de santé sujets ' sujets sujets sujets
(o} Jour 22 30,1 14 15,38 16 14,8 23 15,43
149 Jours 40 54,8 30 51,65 50 46,3 T 49,66
10 & 20 Jours 5 6,85 19 20,88 28 25,9 34 22,81
plus de 20 Jours 6 8,25 11 12,09 14 13,0 18 12,08

Au total, 11 y eut en 4 ans 135 cas dont la durée des absences pour raisons de santé totalisa plus

de 9 Jours par an.

Nous appliquons les mémes critéres que ceux utilisés par Zetzmann pour le classement des maladies ou

le stress a probablement Joué le rBle d'agent causal ou aggravant.

Sur les 135 cas d'absence, nous avons relevé que dans 22 cas, il est probable, mais non prouvé, que
1'affection pourrait avoir été causée ou aggravée par le stress inhérent A 1l'exercice de la profeasion

ou A la charge de travail qu'elle comporte.

Ce sont :

- hypertension sanguine de caractére labile

(hypertension supérieure & 150-90 mm de mercure)

- affections gastro-intestinales

(1) gastrites et gastro-entérites chroniques
(2) uledres gastriques ou duodénaux

5 cas

T cas
2 cas




-

- dystonie neuro-végétative
- épisode anxieux

T cas
1 cas
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Ces 22 cas représentent 16,3 % de 1'ensemble du groupe des contrdleurs ayant été absents pendant plus
de 9 jours par an pour des raisons de santé.

b. Absences chez les éldves-contr8leurs et stagiaires

La répartition du personnel d'aprés 1'dge est fournie par le tableau 5.

Tableau 5 - Répartition des éléves-contrdleurs et stagiaires d'aprés 1'dge

Pourcentages de sujets par catégorie d'dge et par année

1
Catégories d'dge lére année 2¢me année 3eme année 42me année
29 sujets 50 sujets 82 sujets 46 sujets
19 - 24 ans 34,48 20 21,9 23,01
25 - 29 ans 51,72 46 48,78 41,33
30 - 34 ans 13,68 28 21,9 32,61
25 - 39 ans - 6 6,09 2,17
40 - 44 ans - - 1,22 -
45 - 49 ans - - - -

Pour la période considérée, la quasi-totalité des sulets n'atteint pas 1'3ge de 40 ans

La répartition des éldves-contrdleurs et des stagiaires s'établit comme suit, d'aprés la durée des
absences pour raisons de santé (voir tableau 6).

Tableau 6 - Répartition des éléves-contrBleurs et stagiaires selon la durée des absences pour raisons

de santé

Nombre de lére année 2&me année 3éme année 4eéme année
Jours d'absence|Nombre de % Nombre de % Nombre de % Nombre de %
pour raisons sujets sujets sujets sujets

de santé

0 Jour 11 37,93 16 32 24 29,26 8 17,39

149 Jours| 14 48,28 23 47 45 54,88 25 54,34
10 & 20  Jours 2 6,89 4 14 8 9,76 9 19,56
plus de 20 jours 2 6,89 4 8 5 6,10 4 8,69

Au total, il
par an.

¥ eut 41 cas dont la durée des absences pour raisons de santé totalisa plus de 9 Jours

Ce n'est que dans 10 cas qu'il est probable, mais non prouvé, que l'affection puisse avoir été
causée ou aggravée par le stress inhérent & 1'apprentissage de la fonction ou & la charge de travail

qu'elle comporte.

Ces 10 cas sont :

- Hypertension sanguine de caractére labile
(supérieure & 150-90 mm de mercure)

- Systéme digestif
(1) gastrites ou gastro-entérites chroniques

(2) uleus gastrique ou duodénal

- Diabdte sucré non insulino-dépendant
- Dystonie neuro-végétative
- Eplsode anxieux

=y

= E R OW

Ces 10 cas représentent 24,39 % de 1'ensemble du groupe des éladves-contrdleurs et stagiaires ayant

été absents plus de 9 Jours par an pour des raisons de santé.

relevé dans le groupe des contrdleurs (16,3 %).

c. Absences chez les assistants~contrdleurs

Ce pourcentage est supérieur & celui

La répartition des assistants-contr®leurs d'aprés 1'@ge est fournie par le tableau 7.
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Tableau 7 - Répartition des assistants-contrBleurs d'aprés 1'dge

Pourcentages de sujets par catégorie d'8ge et par année
Catégories d'age ldre année 2&me année 3eme année 4eme année
25 sujets 69 sujets 61 sujets 62 sujets
19 - 24 ans 24 37,68 21,31 12,90
25 - 29 ans 56 43,48 42,62 51,61
30 - 34 ans 20 15,94 31,14 29,03
35 = 39 ans - 2,89 4,92 4,85
40 - 44 ans - - - 1,61
45 - 49 ans - - - -
Pour la période considérée, dans leur quasi-totalité, ces sujets sont 8gés de moins de 40 ans.

La répartition des assistants-contrSleurs selon la durée des absences pour raisons de santé est
fournie par le tableau 8.

Tableau 8 - Répartition des assistants-contrdleurs selon la durée des absences pour raisons de santé

Nombre de Jjours lére année 2&me année 3eme année 4eme année
d'absence pour
. B Nombre de % Nombre de g Nombre de % Nombre de %
danté sujets sujets sujets sujets
|
0 Jour 6 24 14 20,28 10 16,39 4 6,45
14 9 Jours 12 48 39 56,52 31 50,82 31 50
10 & 20 Jours 3 12 1% 15,% 13 21,31 18 29,03
Plus de
20 Jours 4 16 5 7,26 i 11,48 9 14,52

Au total, 1l y eut 70 cas dont la durée des absences pour raisons de santé totalisa plus de 9 Jours
par an.

| Ce n'est que dans 9 cas qu'il est probable, mais non prouvé, que l'affection puisse avoir été causée
| ou aggravée par le stress inhérent A 1l'exercice de la fonction ou & la charge de travail qu'elle comporte.
Ce sont :

| - Systéme digestif
(1) gastrites et gastro-entérites chroniques 5
(2) ulcus gastrique ou duodénal 0
- Dystonie neuro-végétative 4

Ces 9 cas représentent 12,85 % de 1'ensemble du groupe des assistants-contrBleurs ayant été absents
plus de 9 Jours par an pour des raisons de santé., Ce pourcentage est donc inférieur & celui relevé dans
le groupe des contr8leurs,

d. Absences chez le personnel administratif et technique ne participant pas aux activités opérationnelles
du contrBle aérien

Afin de compléter les possibilités de comparaison avec le groupe des contr@leurs, nous avons groupé
dans le tableau 9 les absences pour raisons de santé se rapportant au personnel administratif et technique
du Centre de contrBle aérien ou fonctionne le groupe de contrBleurs faisant 1l'objet de cette étude. Ce
personnel administratif et technique comprend 158 personnes. Les statistiques ne se rapportent qu'h une
seule année.

Tableau 9 - Répartition du personnel administratif et technicien selon la durée des absences pour
raisons de santé

Nombre de Jours d'absence pour raisons de santé Nombre de sujets Pourcentage
0 jour d’'absence 55 34,81
de 1 & 9 jours 63 39,87
de 10 & 20 jours 26 16,45
plus de 20 Jours 14 8,85

totalisa plus de 9 Jours par an,

Ce n'est que dans 5
ou aggravée par le stress 116 A la charge de travaill inhérente A la profession.

L

Au total, il y eut donc 40 personnes (25,32 %) dont la durée des absences pour raisons de santé

cas qu'il est probable, mais non prouvé, que l'affection puisse avoir été causée
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Ce sont :
- Affections gastriques 3 cas
- Dystonies neuro-végétatives 1 cas
- Affection psychiatrique 1 cas

Ces 5 cas représentent 12,5 % de 1'ensemble du groupe de ce personnel ayant été absent plus de 9 jours
au cours de l'année pour des raisons de santé.

Ce pourcentage est analogue & celui du groupe des assistants~-contr@leurs et inférieur & celui du
groupe des contrdleurs (16, 3 %).

e. Comparaison de certaines données statistiques relevées dans les divers groupes étudiés

On a expliqué plus haut les raisons pour lesquelles les absences inférieures & 10 jours sont dépour-
vues de valeur d'interprétation dans 1'optique qui nous intéresse. Pour les quatre groupes de sujets,
nous avons rassemblé dans cinq classes, correspondant aux grands systémes, les maladies qui sont causes
des absences supérieures & 9 jours par an et dont les rapports avec le stress professionnel sont possibles
ou probables. Dans le but d'établir des comparaisons, nous avons calculé pour chacun des 4 groupes de
personnes, le taux de morbidité annuelle moyenne. On obtient les résultats ci-aprés (tableau 10).

Tableau 10 ~ Morbidité annuelle moyenne en % dans les classes d'affections pouvant 8tre dues au
stress et intervenant comme causes d'absences pour motifs de santé, supérieures a

9 Jours par an

Fréquence annuelle moyenne des cas d'absence pour raisons de santé, par groupe

Classes de maladies de 100 sajsts Patsormal aduiode
Contr8leurs | Eldves et staglaires | Assistants-contrBleurs LatE? ot boniutese

Systéme digestif et
métabolisme 2,137 1,449 2,765 1,900
Dystonie neuro-
végétative 1,425 1,449 1,843 0,632
Hypertension
sanguine (labile) 1,187 0,483 - -
Anxiété 0,237 0,483 - 0,632
Irritation oculaire 0,237 - - -
Total 5,223 3,864 4,608 3,164

C'est par le facteur "hypertension sanguine, de caractére labile", que les contrBleurs se différencient
le plus nettement des autres groupes. On notera que ce méme facteur est également présent, mais & un taux
nettement plus faible, chez les éléves et staglaires. Le facteur "irritation oculaire” n'est présent que
chez les contrdleurs. Par contre, le facteur "systéme digestif", qui a la fréguence la plus élevée dans
chacun des 4 groupes, ne montre aucune différenciation nette, d'un groupe & 1l'autre.

La dystonie neuro-végétative prédomine nettement dans les 3 groupes impliqués dans les aspects
opérationnels du contrdle aérien, puisque ce facteur est ramené & une importance deux fois moindre chez le
personnel administratif et technique.

L'anxiété est peu importante dans le groupe des contrdleurs. On peut expliquer le fait par 1'élimina-
tion antérieure des personnalités anxieuses, dans la phase initiale d'instruction ou dans la premiére
partie de la carriére.

La comparaison entre les taux de morbidité annuelle moyenne se rapportant & chacun des 4 groupes de
personnel est intéressante (voir graphiques 1 et 2).

Ce taux est de 5,723 % pour les contrdleurs (de 4,966 % si 1'on ne tient pas compte du facteur
d'irritation oculaire).

Ce taux est de 3,864 % pour le groupe des éléves et stagiaires.

11 est de 4,608 ¥ pour le groupe des assistants-contrdleurs.

11 est de 3,164 ¥ pour le personnel administratif et technique.

On constate donc que le taux de morbidité annuelle moyenne limitée aux classes d'aftections pouvant
8tre dues au stress est d'autant plus élevé que le groupe de personnel est astreint A une responsabllité
plus élevée dans les décisions immédiates et A& une tension plus intense et plus continue dans sa charge
de travail., En effet, le classement résultant de ce taux présente un caractére de concordance avec la

grandeur du stress professionnel supposé, pulsque par ordre décrolssant on trouve :

(5,223 %);
(4,608 ¥);

1) le groupe des contr@leurs
2) 1l groupe des assistants-contrBleurs
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3) le groupe des éldves et staglaires (3,864 %);
4) le personnel administratif et technique
ne participant pas au contrBle aérien (3,164 %).

Toutefois, les différences entre les groupes sont faibles et n'isolent pas d'une maniére tranchée le
groupe des contrBleurs, Le critere des absences pour motifs de santé n'apporte donc pas une preuve
convaincante de 1'existence d'une pathologie professionnelle propre aux contrdleurs-radar.

Ces mémes études statistiques, si elles portalent sur des groupes beaucoup plus nombreux, procure-
raient peut-2tre un peu plus de clarté., En attendant, rien ne permet d'affirmer 1'existence de cette
pathologie spécifique des contrBleurs, conditionnée par le stress propre a 1'exercice de leurs fonctions.

IV. CONCLUSIONS

s La surcharge imposée d'une maniére répétée au systéme nerveux est un failt incontestable qui mérite
la plus grande attention en vue d'en réduire les effets sur les organismes mal adaptés ou particulié-
rement sensibilisés aux situations stressantes de la profession.

Les effets de 1'automatisation des équipements sur la performance et ceux de différentes cadences du
complexe travail-repos sont susceptibles de réduire 1'importance des effets du stress des contrdleurs.
Ces matidres sont 1'objet de nombreuses études ergonomiques. Mais, il faut bien reconnaltre que

1'on ne posséde pas encore une évaluation opérationnelle suffisamment longue des nouvelles caractéris-
tiques des systémes, bien qu'il soit indéniable qu'elles réduisent la fatigue visuelle et qu'il
semble qu'elles réduisent la fatigue psychique du contr8leur-radar.

2. Lles deux groupes que nous avons étudiés doivent 8tre considérés comme des entités ayant leurs
particularités propres. Outre les caractéristiques du travail et du milieu ol celui-ci se déroule,
1'8ge moyen d'un groupe est un facteur important qui influe sur la pathologie qui s'y manifeste.

I1 n'est donc pas permis de généraliser A 1l'ensemble des contrdleurs-radar d'un pays ou d'un groupe
de pays, les conclusions que 1'on a pu tirer de l'analyse des statistiques relatives A ces deux
groupes. Les statistiques que nous produisons €établissent que, pendant les périodes étudiées, les
affections attribuables avec vraisemblance au stress nerveux n'ont pas eu une fréquence anormale,
n'ont pas provoqué des éliminations excessives et que, par conséquent, les capacités de récupération
et d'adaptation sont demeurées, d'une maniére générale, amplement satisfaisantes.

3., Un autre aspect qui mérite attention est celui de la signification qu'il faut accorder & 1'évaluation
statistique de la morbidité chez les contrdleurs-radar.

(1) Cette pathologie n'a pas de caractére spécifique. La comparaison, au poini de vue de leur
pathologie, entre le groupe des contrdleurs soumis & de lourdes responsabilités et & de vives
tensions d'une part, celui des éléves-contrdleurs, celui des assistants-contr8leurs, et le
groupe administratif et technique, tous trois soumis A des stress professionnels infiniment
moins intenses d'autre part, ne montre pas des différences suffisamment nettes qui permettraient
d'établir des caractéres propres & la pathologie des contrdleurs.

(2) De plus, la pathologie rencontrée ne mesure pas la charge de travail, en raison des variations
individuelles considérables dans les mécanismes défensifs mis en jeu par chaque sujet pour
répondre au stress. Elle ne permet que de constater certains signes d'alarme, quand 1'équilibre
entre la pression du stress et la puissance des défenses offertes par 1'individu et par le
groupe est vacillant ou déja compromis.

Ces conclusions ne diffdrent pas de celles déja trouvées dans d'autres professions soumises a
des stress nerveux extr@mement intenses, C'est notamment le cas pour les aviateurs militaires.
Nous avons pu démontrer, en 1955 (7), sur la base d'importantes statistiques américalnes,
britanniques, frangaises et belges, que 1'ulcére gastro-duodénal n'atteint pas le groupe des
aviateurs militaires, méme en temps de guerre, d'une manidre plus élective que des groupes
appartenant 2 une autre profession, moins sujette aux chocs émotifs et aux tensions psychiques.
Morhouse (8) a d'ailleurs confirmé que, pour les cas admis dans les h@pitaux de 1'USAF, 11 ne
semble pas y avoir un pourcentage d'admissions plus élevé chez le personnel navigant de 1'USAF
que chez le personnel non navigant en ce qui regarde 1'ulcus gastro-duodénal.

(3) En ce qui se rapporte au contrBleur-radar, le médecin se trouve en face d'une situation qui, par
beaucoup d'aspects, est similaire & celle de 1'aviateur., ILa ligne de pensée ne peut done différer,
sur le plan médical, de ce qui a été établ{ par les nombreuses études menées sur le stress de
1'aviateur et sur sa pathologie spécifique. Ces études n'ont jamais pu établir une relation
nette, valable pour 1'ensemble d'un groupe important d'aviateurs, entre la morbidité survenant
dans ce groupe et le stress émotif intense que suscitent certaines conditions de vol. 11 en est
de méme pour le groupe des contrdleurs-radar qui a fait 1l'objet de cette étude. 51 le médecin
est souvent désarmé pour rédulre substantiellement la charge de travail et la pulssance agressive
du stress qui luil est 1iée, 11 peut, du moins, contribuer & renforcer, pour 1'individu et pour le
groupe ou 11 est Inséré, la valeur des facteurs qul fortifient la capacité de résistance et
d'adaptation de chaque individu devant les pressions du milieu extaerne et du milleu interne afin
de sauvegarder le niveau de performance et la santé du sujet,
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Dans la surveillance et le renforcement de ces mécanismes particuliers d'adaptation & une
charge mentale exigeante, le probléme essentiel, le vral probléme médical, est non pas la
détection d'une pathologie spécifique & la fonction, ce qui paralt actuellement illusoire,
mais le repérage précoce, chez certains individus du groupe, d'une symptomatologie clinique,
habituellement liée & un état de tension mentale excessive,

Ce repérage Joue un double rdle important : celui de signal d'alarme et celui d'indicateur sur
1'efficacité des mesures prises par 1'individu et par 1l'autorité pour contrecarrer les effets du
stress et maintenir 1'équilibre physiologique et psychique.

REFERENCES BIBLIOGRAPHIQUES

1.

Gerathewohl S, J. - Definition and measurement of perceptual and mental workload in aircraws and
operators of Air Force weapon systems : a status report.

AGARD conference pre-print n° 181, on Higher mental functioning in operational environments - AGARD

CPP 181 - Paris - 1975.

Gerathewohl S.J. Chiles W.D., and Thackray R.I. Assessment of perceptual and mental performance in
clvil aviation personnel - AGARD Conference pre-print n° 181 on Higher mental functioning in
operational environments - AGARD CPP-181 - Paris - 1975.

Evrard E. -~ Précis de médecine aéronautique et spatiale ~ Chapitre XXIII Pathologie professionnelle du
personnel chargé de la sécurité de la circulation aérienne., Editeur : Maloine - Paris - 1975.

Evrard E. - Medical problems relating to air traffic control personnel - Chapitre VII de Agardograph
n® 209 ~ A survey of modern air traffic control. Volume IT - AGARD - Paris - 1975,

Mercier A. et Perdriel G. - Pathologle professionnelle du Personnel non navigant chargé de la
sécurité des vols - Revue de Médecine aéronautique - Tome 1 - n° 1 -
Septembre 1961 - p. 97.

Zetzmann H.J. - "Workload" and "Performance limiting factors" of Air Traffic control radar operators -
AGARD Conference proceedings n® 74, on Rest and activity cycles for the maintenance of
efficiency of personnel concerned with military flight operations - AGARD - p, 9 -

1 to 9 - 11 - Paris ~ 1970.

Evrard E. - Aspect aéronautique de quelques états pathologiques chez le personnel navigant (Ulcere
gastro-intestinal - Tuberculose pulmonaire). Rapport présenté au 4e Congrés de
1'Association aéro-médicale internationale - Section de langue frangaise - Paris -

27 - 30 septembre 1955,
Morhouse C.H. - Le probléme de 1l'ulcére peptique ~ ha Médecine aéronautique - tome 10 - n° 1 -
pp. 43 - 45 < ler trimestre 1955.




1 TANSPONAINE DELWEEL Sk WS By O e o . % . T a . Intormation
bzm;:EEEZQtof tﬁe othgr Each becomes less sensitive to the perceived needs of his listener
{ - .

i ic anguage ma
conveyed hitherto by tone of voice, intonation, pace of speech, pauses, phrasing and choice of languag y
be lost in automated data transmission. :

B2-12
DISCUSSION

Dr Fuchs, Germany
What kind of criteria did you use for the determination of the so called

attributed inaptitude"?

"stress

Author’s reply
I used the list of diseases given by Zetzmann in his paper "Workload and performance
limiting factors of the Air Traffic Control Radar Operations", published in the
AGARD Conference Proceedings No. 74. (Rest and activity cycle for the maintenance
of efficiency of personnel concerned with the military flight operations, by Benson).
As reported in this paper, this list was used for American research works sponsored

by the FAA.

Dr Fuchs, Germany
Do you consider the results of your investigations as real-task related - trends, or -
more or less - as individual (and partly age related) variations?

Author’s reply
I am unable to give a precise answer. The comparative study of the four groups
investligated seems to establish that variations are rather individual than task
related.

Médecin Général Salvagiac
1. In your statistics, have you differentiated between approach controllers working in

control towerc and regional traffic controllers?
2. Have you carried out a statistical study of the errors committed by the controllers?
Author’s reply
1. The general statistics relating to Belgian Air Force personnel cover both approach
and regional controllers.

The detailed nosological statistics relation to Eurocontrol personnel apply only to
regional traffic controllers.

2. No study has been made of the decision errors made by controllers. The present
study has been limited to the nosological aspects,
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PSYCHOPATHOLOGY OF AIR TRAFFIC
CONTROLLERS AND RADAR OPERATORS

Lt. Cols Luigi LONGO,IAF (MC)
Neuropsychiatric Adviser
Italian Air Force Medical Appeal Board
via P.Gobetti 6/A,00185 ROME,Italy

SUMMARY

The activities of air traffic controllers and radar operators have,within the ae
ronautical sphere,particular connotations because of the enviroment in which they
are carried out and because of their technical and operational content.

These connotations are such that they may give rise to a stress effect with con-
sequent psychic pathology of variable intensity. On the basis of observations and
personal experience, a general nosographic description of the syndromes and of
the psychopathologic states most frequently noted, is submitted and considerations
and proposals are formulated with the aim of preventing and containing them,

In aviation medicine, when we speak problems of alertness,
stress and psychic fatigue, we normally believe that these problems are specific only to
pilots and aircrews., However, the procedural and technological characteristics of both
military and civilian flights have long since reached such a level of complexity that
other individuals on the round who monitor and supervise the conduct of fligts are also
gseriously affected by these problems,

Among these individuals, air traffic controllers and radar
operators have a task of primary importance. Several authors have dealt with the physio=-
logical and physical effects of stress on this type of personnel (Melton,Mc Kenzie,Polis,
Schwarz,Dreisback,S5aldivar,Hale,William,Smith,Hoffman, De Cani,Funkhouser,Iampietro,
Evrard,etc.) .

Services concerned with aids to navigation have reached,
during the last 20 years a large scale, in proportion to the considerable development
of air trasportation. Present air traffic is such that it may be calculated that each
day about one million passengers fly through the skies in an average of 8000 to 10.000
aircraft., These figures do not include military air traffic and private civilian traffice.
Forecasts indicate that the total payload transported by air will almost triple in the
next ten years,

The introduction,which is underway at present,of superso-
nic air transport and of aircraft with STOL/VTOL characteristics will radically change
again the techniques and the control procedures, The variety of to-day's air traffic,
which already affects the punctuality and regularity of the flights will worsen even
further because of the introduction of these aircraft. Man will always remain the main
element in an air traffic control system howhever technological improvements may develop.

This statement is based on examinations made during the
last 10 years on these types of personnel, both healthy and affected by psychic svntoms.
As well as the result of diagnostic measurements the study is also based on clinical-psy
chological interviews, i.e, interviews to verity directly some basic parameters such ast

a) environmental and technical operational conditions relevant to psychic stress;
b) the motivation for choosing this type of employment;

¢) long term validity of present medical selection;

d) psychic exhaustion and saturation thresholds and their correlation with above.
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Representatives of the category completely unaffected by any
pathological condition were also interviewed to provide a control groupe.
The personnel who participated in the research included the
followings
Airport controllers (TWR)
Approe¢h controllers (APP)
Regional or area controllers (ACC)
Precision radar operators (GCA)
Approach radar/operators
Regional radar operators
Air defence Radar Operators (interception controllers).

ENVIRONMENTAL AND TECHNICAL CPERATIONAL CHARACTERISTICS WITH A SPECIFIC PSYCHIC REFERENCE

1 - Engi{gggggﬁ - The environment in which these personnel have to operate is re-
all these environment entail close association among themselves with others operators
(such as teletype operators, mechanics,etc.), whose number varies in accordance with the
size of the site. For example, in the control tower of a large airbase there may pe at
any one time 10-12 controllers operating side by side, while in a small airbase, where
air traffic is reduced, the number of operators may be limited to 2 or 3. An operator
mustn't stay alone for security reasons; a substitute must be available in the event of
sudden indisposition of the first. Necessity of close contacts may have repercussion on
psychic equilibriume.

The control room of an average airbase,including the tower and
approach services, entails the operation, perhaps not simultaneously, of 10 working fre
quencies which may be employed by 2 operators. To these must be added the telephone links
with operational agencies of the base (operations room, fire prevention, medical center,
ambulance service, etc.)s In the other words, normally 3 to 4 fréquencies and 1 or 2 te
lephones are operating simul taneously.

In some cases the control room also contains the air conditio-
ning apparatus and this may increase the average noise level, More than the noise, it
seems that what affects the nervous system is the continuous operation of the receiving
and trasmitting devices which is often less than perfect because of weather conditions,
interference, etc.. The fact that radar operators must work in darkness or in dim light,
although tiring, does not seems to have any particular importance from a psychic point
of view,

There is no doubt that there are great differences between air-
ports with intense and continuous traffic and airports where the traffic is limited,
Nevertheless in the latters receivers are always in operation, as well as all the other
noises,

However, we should note that from the point of view of alertness
and therefore from point of view of security, those operators and controllers who work
less continuously represent the greatest danger because the discontinuity gives rise to
the possibility of lack of concentration. In order to avoid this, various methode and
procedures are applied (calls, renuests for checks, tests,etce)

2 - Operations - From the point of view of stress originating from their work,
the pilote.

The pilot knows his positionand situation, and is also aware
of the situation and position of others which are operating on the frequency he receives.
However he is often not aware of all those who are, because of reception, on his frequen
cy, furthemore because the conduct of the aircraft requires great concentration of supe=-
rior psychic processes,

The air traffic controller has to concentrate on a much wider
range of activity. He must visualize the aircraft in the air space calculate the sepa=-
ration between them and the separation that will result as a function of various para=
meters (destination,height, transfer from one sector to another,etc.). All this, from point
of view of alertness, concentration and stress, reaches a peak in poor weather conditions,
unforeseen increases of traffic, difficulties with radio aids 2nd radio communication,etc.

However there is one phase in particular which generates anxie-
ty «This phase can be divided into three sub-phases:
a) = during the preparation of the instructions which must be passed to the pilot;
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b) - during the issue of these instructions because the controller is talking to
someone he cannot see, and thus is unable to assess, through facial expression, how well
the instructions are understood;

c) - when he has to verify that the pilot has followed, in the right way,all in-
structions.
| The activity of radar operators differs from that of air traf
fic controllers since the latters base their work on positions reported by pilots (and g
the controller must take into account the possibility of pilot error in his reporting).
On the contrary, a radar operator works on accurate visual representations.
| The work of the controller is more stresfid from the point
E{ of view of involvement and psychic fatigue in the long run. In radar operator the stress
4 effect may assume a more acute and immediate character because of the fact that he can
& suddenly visualize a possibly anomalous situation which comes about or which may come
3 about because of an error on his part. Anxiety in the controller builds up gradually,be
{ cause a pathological component is created and developed by the projection of an anoma-
! lous event; on the contrary, the radar operator suffers from other anxiety more directly
| and immediately.

For a radar operator in the air defence system (wectoring on
intercept) it appears that his responsability, instead of maintaining a separation bet-
ween aircrafts as is done by the air traffic controller, is to vector his fighter onto
a collision course with the target. The psychopathogenous factor in this case is more 1i
mited, since the operator controls only two aircrafts at any time and also because the
situation is generally more "limited".

3 :__EEEEEE - A saturation level as average appears between the Sth and
tion is generated both by a lack of stimulus because of the tedious uniformity of the
job (as happens in many types of activity) and by actual psychological weariness,

From a pathogenetic point of view, observations and examina
tions which have been carried out, suggest that the psychostresing effect is, in most
cases (as happens in other areas of work) directly proportional to the "discontent index"
of the subject towards his job and towards the environment in which it takes place, On
the other hand discontent must be interpreted in turn as a direct consequence of the de
gree of fatigue and psychic commitment and of the problems connected with this type of
activity, which may not have been fally foreseen by the subject concerned. In this re-
spect, it is important to recall that persons in this profession are volunteers,

Sometimes, the very fact that a certain type of work is iden
tified as a factor of anxiety, may give rise to reject and refusal mechanisms which in
rare cases take the form of obsessive phobic conditioninge.

NOSOGRAPHIC CLASSIFICATION

The psychopathological syndromes more frequently met may be

nosographical classified as followss
A+ = Neurotic syndromes of the dysforic and neurasthenic type

These are marked by a general characteristics of discomfort
as in all neurothic syndromes which induce in the subJects a mood which is generically
unpleasante

Al - Reactions of anxiety
————— These are reactions to events which are either objectively
dangerous, although the degree of danger may be relatively small, or represent for the
subjects a particular commitment expecially in the field of decision making.
A2 - Secondary gnixgtz Bhﬂbiaf

These are detected after emotionally stressed events which

cause in the subjects a reaction greater in intensity and longer in duration than normal,

These represent a conversion of the state of anxiety, and
the range of symptoms may be extremely variable, affecting a variety of systems:pseudo-
vertigo crisis, perspiration, restless legs, tachycardia, gastro-enteric disturbances,
cutaneous itching, etc.

A - Jeurasthnnlc typ° JJndromes

in the muscleq and in the brain 1fter any type of activity,sometimes associated with psy
chesthenia and with a background of alarm, and rarely with hypocondria notes and still
more rarely with phobic symptoms.




y)Hyperesthenic-emotional asthenia - is characterized by a state of ill-humored
irritation with psychastenia (in particular the "tirage nucale" and the "sense of void
in the head"), and in some subjects, also with hypochondriac attitudes.

z)Alert neurasthenia - is characterized by association with the prevailing
aspect of the psycho-physical asthenia of alert episodes which are lived as unpleasant
feelings of lack of health,

B, - Dystlmia

The term "dystimia” in Italian, covers the maniac-depressive
psychosis, in the strict sense of the word, and is the equivalent of both the terms "cy-
clothymia® and "maniac-~depressive circle" (manish-~-depressiver Pormenkreis) utilized more
frequently by german authors. Typical syndromes are seen, and may be classically charac=
terized by the following main elements: vital sadnessj inhibition or alteration of the
activity; inhibition or alteration of the consciousness of reality (for the depressive
syndromes)j and muphoria, psychomotor exitement and disinhibition (for the maniac syndro
mes). Also atypical symptoms are seen which cannot be broken down into these three elements
and which differ from the previous ones because of their clinical characteristics (modali
ty of exordium, psychopathological connotations,etc.).

The following classification, is related to "atypical syndro
mes" which are characterized according to the predominant atypical psychopathological ele
ments

B1 = Depressive background and prevaxllng anx;ous element

Characterized by a prevailing almost continous anxious re-
stlessness with depressive thematics (ideas of ruin, of guilty, hypocondria).

e ——

B2 - Depress1ve background and elements of a neurotxc nature

Characterized by the presence of prevailing symtoms of the
ps choneurotic type which may be both of the alert and/or of the hypochondriac type.

B3 - Manlc background and the prevalence of 1rr1tab11xty elements

Characterized by exaltation of temper, preveailing irritabili-
ty and hostility during which the subjects appear querulous, polemic and revengeful.

e

CONSIDERATIONS AND PROPOSALS

From these results, certain considerations and proposals ari

1e Selectlon

i In addition to physical psychometric and psycho-attitude ty-~
pes of selections, extreme importance to carry out a "selection on the job",that is to
say a selection process conducted during a period of "on the job training" by a team of
selectors qualified professionals.

The most important elements to be assumed during such a se=
lection process should be speed of reflexes and ability to reach decisions. From the point
of view of character, special care should be taken to ascertain that the subject possesses
and adeguate degree of extroversion. Situations which the operator will meet with charge
rapidly this entails a requirement for remarkable ability, imagination, and improvis-tion.
It's necessary for radar operators to imagine positions tri-dimensionally, teking into ac

count altitude, distance,(both lateral and iongitudinal) and time,

2. Mental Hygiene
No operator should be employed for more than 8 hours, with
relief breaks of an average duration of about 15 minutes every two hours,

Use of relief time should not be left entirely to the discre
tion of the operators but should be pre~planned according to specific rules, This period
of time should, for example, be used to re~examine what has taken place during the pre -
cious hours of duty, or to consider the situation which the operator may have to cope
with when be goes bach to work. The relief period should take place in an environment of
goft suitable background music or should be characterized by a light and tonic physical
exercise,

In addition to being extremely useful from a technical and
professional point of view, all this could representavalid system to maintain a high
degree of concentration. The fact that the individual remains psychically connected with
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the professional environment does not deprive the break of its validity as a true recove
ry period, because the subject is not called upon to reach decisions.

The break should take place in premises adjacent to the work si
te; although comfortable, they should not be distracting nor deconcentrating in so far
as recreatiohal installations are concerned. An excess of the latter, or a wrong selec-
tion of them, could give rise to stimulating situations capable of activating problema-
tic and conflicting situations capable of disturbing that psychic equilibrium which
should be maintained at an optimum level,

Furthermore it is advisable to let the controllers interrupt
their activity at certain intervals -in general for not more than a month(20-40 days)-
taking into account that on the basis of what has been said before controllers suffer
from psychical stress before radar operators.

Je Utilization of time

It has been noted that individual saturation level is reached,
an average, between the fifth and the eighth year of acticity in the same branch and in
the same location. In order to prevent such a phenomenon, it would be advisable within
the time limits indicated above to transfer the individual from one control area to ano
ther, that is to say from the traffic control to the radar control. Such a transfer would
be reincentivating since the controllers would have to requalify in the new position by
mas tering new procedures; eventually they will find new sources of interest in their new
activities,

The operating life of the controllers may be estimated at about
20 years. A longer period of activity is not advisable not only for physio-psychical rea
sons, but also because incompatibility situations may arise between the senior control-—
ler and the junior aid who is completing his on the job training. Having just completed
his studies the latter is inevitably full up to date and this could cause difficul ties
and uneasiness in the senior,

The next problem is how to make use those personnel later on,
without wasting the experience they have acquired, taking care that the individuals
don't feel that their professional life is finished at a relatively early age., In order
to do this it is advisable to plan and establish their re-integration in the field by
employing them for example in the programming and updating of procedures, in activities
connected with the selection of personnel as in inspection and evaluation teams, permit
ting them to maintain the allowances they had previously enjoyed.

In conclusion, the activity of air traffic controllers (as well
as other aeronautical activities), entails a psychopathology of a specific nature, the
influence and effects of which, once known, may be contained by means of certain actions
and corrective measures, The present contribution is necessarily a brief summary, is in
tended to be a simple contribution in the complex field of flight safety,which represents
a priority commitment for all those who, at various levels, operate within the aeronauti
cal areas.
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USAF EXPOSURE STANDARDS FOR RADIOFREQUENCY/MICROWAVE HAZARDS CONTROL
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SUMMARY

Current research on the biological consequences of man's exposure to nonionizing (radiofrequency/
microwave) radiation fields provides new guidelines for personnel safety. The effects of radiofrequency
radiation on the nervous system, behavior, and the eye, and such indirect biological effects as cardiac
pacemaker interference are discussed in terms of their impact on setting appropriate personnel exposure
criteria for operational RF emitters. The information presented supports a careful balance between
personnel safety and operational constraints. Of primary importance is the recognition that radiofre-
quency (10 kHz - 300 GHz) radiation insult to man is strongly frequency dependent. Thus, all bioeffects
data generated in the laboratory using smaller animals must be carefully scaled/extrapolated to equiva-
lent effects on man before meaningful exposure standards can be established. This frequency dependent
concept is reflected in United States Air Force Regulation 161-42, which establishes a 50 mW /cm? per-
missible exposure limit (PEL) for radiofrequencies from 10 kHz to 10 MHz and retains the previously
established 10 mW/cm? PEL for radiofrequencies from 10 MHz to 300 GHz. Further divisions of these
spectral regions are anticipated as research data becomes available.

INTRODUCTION

Radiofrequency (RF) radiation is defined herein as that portion of the electromagnetic spectrum
between 10 kHz and 300 GHz and includes microwaves. Figure | illustrates this definition. Radiofre-
quency (RF) radiation is often described as nonionizing, and thus is thought to be nonhazardous. In fact,
however, RF radiation can be hazardous to man; and safety standards must be applied for all RF systems
operations. The "'10 mW /cm? safety level' (used in most U, S. standards today) was originally estab-
lished as an acceptable acute thermal burden on the basis of research performed from about 1955 to 1965.

ELECTROMAGNETIC
SPECTRUM

Figure |, Frequency spectrum of electromagnetic radiation,

Today such standards are being seriously challenged, primarily because the Warsaw Pact countries
report standards lower than 10 mW /cm&; and, in the United States, recent congressional legislation
focuses more attention on overall environmental quality and personnel safety. Public Law (PL) 90-602,
the Radiation Control for Health and Safety Act of 1968, gives the Department of Health, Education and
Welfare (DHEW) the authority to issue emission performance standards for electronic products, This
Law resulted in a 5 mW/cm‘Z emission standard for new microwave ovens, thus implying that the
10 mW /em? level was not adequate.
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PL 91-190, the National Environmental Policy Act, requires Federal Agencies to assess all actions
which have an impact on environmental quality, including the consequences of exposing the general popu-
lace to any EMR emitted by operations of the Department of Defense (DOD). Executive Order 11752
further requires Federal Agencies to be consistent with Federal guidance on radiation and applicable
environmental radiation standards promulgated by the Environmental Protection Agency (EPA). PL
91-596, the Occupational Safety and Health Act of 1970, authorizes the Department of Labor (DOL) to
promulgate health standards for workers exposed to EMR. Executive Order 11807, 28 September 1974,
requires Federal Agencies to issue safety and health standards consistent with those promulgated by DOL.

At the present time the Occupational Safety and Health Administration (OSHA) has adopted the values
used in American National Standards Institute consensus standard C95.1-1974, ''Safety Level ot Electro-
magnetic Radiation with Respect to Personnel.' This standard covers the frequency spectrum from
10 MHz to 100 GHz, and essentially permits unrestricted continuous wave exposures of 10 mW /cm? and
a 3600 mW-sec/cm? exposure averaged over any 6-minute period.

In response to this national and international concern to maintain appropriate safety standards, the
U.S. Air Force is conducting a research program designed to achieve a careful balance between per-
sonnel safety and unnecessary operational constraint. The importance of this concept may be illus-
trated by considering the impact of reducing the existing 10 mW /cm? standard by a factor of 10 (i.e., to
1 mW/cm?2), thus increasing the radius of the controlled perimeter around RF emitters by a factor of
~three. If such control should become necessary to achieve adequate personnel safety, it would be
appropriate. If such limits were imposed just to achieve ''greater safety, ' however, they would not be
appropriate.

PHYSICAL CONSIDERATIONS

RF energy deposition in any biologic system is strongly dependent on the geometric size of the sub-
ject and the frequency of the incident radiation. This is best illustrated by the curves shown in figures
2 and 3. These curves were generated by Mr. S. J. Allen at the USAF School of Aerospace Medicine
(USAFSAM) to assist experimenters in interpretation of empirical studies using monkeys and rats and
subsequent extrapolation to equivalent effects in man (1).

The data points for these curves were generated using three different methods covering three fre-
quency ranges. For the situation where the human subject is short compared to the wavelength of the
incident RF radiation (1-50 MHz), both theoretical power absorption calculations by personnel at the
University of Utah (2) and empirical measureme nts made at USAFSAM were utilized (3, 4, 5).

For the second situation where the size of the human subject (small child to large man) approaches
resonant conditions (50 MHz - 500 MHz) the data points were approximated by assuming equal capture
aperture for man and animal, i.e., computing the frequency which resulted in the same wavelength to
subject length ratio. Resonant conditions are most likely to occur when the length of the irradiated
subject is ~0.4\ (wavelength of incident radiation).

For the third frequency region (0.5 - 100 GHz) where the human subject is large compared to the
wavelength of the incident RF radiation, data of Johnson and Guy which gives penetration depth as a
function of frequency for muscle and skin were used (6). Using elliptical cross sections, calculations
were performed to determine the ratio of radiated to nonradiated volume as a function of frequency for
man, monkeys, and rats. For frequencies greater than 500 MHz these data were used to determine
the frequency for the animal which gives an equivalent radiated to nonradiated ratio. For frequencies
greater than 10 GHz, the penetration depth (~3 mm) is so superficial that extrapolation would not
generally be required.

Based on these physical considerations, it becomes apparent that direct extrapolation of RF radiation
effects obtained using animals in laboratory studies is rarely acceptable for setting safe personnel expo-
sure criteria. For example, using figure 2, it can be seen that a 5500 MHz exposure of a rat would be
equivalent to a 500 MHz exposure of man. These data assume subjects are exposed with their long axis
parallel to the E-field vector, a worst case situation.

Thus meaningful interpretation of any biologic response resulting from RF radiation exposure re-
quires detailed knowledge of the quantity and distribution of the RF energy in the organ or bio-area being
studied, and dynamic analysis of the subjects' ability to dissipate the energy through normal thermoregula-
tory processes.

Because of the overall importance of energy distribution and measurement assessments in defining
the biological consequences of man's exposure to RF fields, an "RF Researcher's Guide'' containing the
pertinent extrapolation data is being developed under AF contract. A first draft of this handbook should
be available in September 1976.
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Figure 3. RF radiation frequency extrapolation, monkey to man.

BIOLOGICAL EFFECTS CONSIDERATIONS

Nervous System

A large portion of the RF bioeffects literature deals with reported effects on the nervous system.
Such data are often cited as the basis of the reported exposure standards of the Warsaw Pact countries,
Certain measurable changes in physiologic response, neurochemistry, and morphology are clearly
identified with RF exposure, but generally lack sufficient detail on which standards can be based., The
principal question, as to what magnitude of changes are clinically significdnt, must be resolved before
such data can be used to adjust current RF exposure safety criteria.

Behavior

Like nervous system effects, behavioral effects resulting from RFR exposures are often reported in
Reported effects include a wide variety of responses ranging from a 'general
Animals and man can detect RF

Again, a more definitive position

the literature of this subject,

irritability syndrome'' to significant changes in functional performance.
radiation fields at levels far below that which seems to alter behavior.

is required to assess the clinical and/or functional significance of such effects as a function of the RF
radiation exposure profile prior to adjustment of RF exposure criteria.

o T———
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i The fact that microwaves can produce lenticular opacities of the eye has been known for over two

| decades (7). In any general assessment of the biologic effects of EMR fields, the eye is often identified

| as the principal organ of concern. However, the bulk of available experimental evidence supports the
position that RF radiation exposures greater than 100 mW/cm®, for periods longer than an hour, are
required to produce lens opacification. While this position is accepted for acute exposures, questions
remain concerning possible changes in the injury threshold due to intensely pulsed fields and the cumula- |
tive effects of fractionated longer term exposures. 1

Cardiac Pacemaker Interference

One unique aspect of RF effects on man is the effect on cardiac pacemaker performance. In 1970,
the USAF recognized that some pacemakers could be seriously disrupted by pulsed RF sources. Tests
revealed the most sensitive devices had interference thresholds less than 10 V/m, while fields of several
hundred V/m were possible for certain high-powered pulsed radar systems. The minimum electric field
intensity associated with the acceptable 10 mW /cm® average power density is ~200 V/m, while pulsed
systems with short duty factors can significantly exceed this level without exceeding the 10 mW /cm?
average power density.

From 1971 to 1974, the Air Force conducted a series of pacemaker tests in the laboratory and at
numerous AF RF emitter (radar) sites (8, 9). The results showed that, although many pacemakers in
use had low (~10 V/m) interference thresholds, it was technically feasible to design and manufacture
pacemakers which would be compatible with the unrestricted RF environment (200 V/m). Based on these
empirical data, the AF recommended that the U.S. Food and Drug Administration (FDA) request the
manufacturers to develop and adopt a pacemaker electromagnetic compatibility (EMC) performance
standard of 200 V/m using a 450 MHz square wave pulse of | ms width, and applied at a rate of 1-5 pps.

Many manufacturers now recognize electromagnetic interference (EMI) as a potential problem, and
include this parameter as a design consideration in all new devices. Several manufacturers have essen-
tially solved the problem (10). Thus, instead of 80% of the pacemakers in use having EMI thresholds of
10 V/m (as was the case in 1970-1972), only ~20% have thresholds of 10 V/m. Of significant importance
is the fact that ~50% of those pacemakers in use will now meet the 200 V/m criterion as recommended by
the Air Force to the FDA in 1973. Essentially all pacemakers should be compatible with pulsed fields of
at least 200 V/m by 1977-78, a significant technologic advancement and a relatively fast solution to an
.RF bioeffects problem. Also, the newer pacemakers seem more reliable in many respects, are smaller
in size, and even with standard battery supplies, some are now guaranteed for 6 years.

DISCUSSION
Development of RF radiation exposure standards is an evolutionary process. While most standards

or guidelines used today are based on estimates of an acceptable acute thermal burden, it is well recog-
nized that many other factors (both physical and biological) require consideration.

Specific biological consequences of RF radiation exposure clearly depend on: (1) the frequency of
the incident radiation and, therefore, its physical distribution in the subject, (2) the intensity and time
of the exposure, (3) the state of health of the subject, (4) the exposure geometry (configuration of subject
with respect to RF source), and (5) environmental conditions. More subtle modifiers include: (1) the
effect of possible frequency resonant conditions on overall RF energy transfer and distribution, (2) the
effect of fractionated exposure profiles for both short and long time periods, (3) the effect of pulsed
§ modulaticn versus continuous wave exposures, and (4) the biological significance of '"hot spots' or "weak
1 link organ or bio-area' considerations.

Considerable national and international interest is apparent at this time to resolve some of the more
pressing questions and to apply the research findings to modify existing RF exposure standards. However,
the complexity of the tasks makes it a slow process.

A

Progress in this area is generally enhanced by research organizations that apply a multiple discipli-
nary team approach that includes physicists, electrical engineers, veterinarians, and mathematicians,
in addition to the biological research specialists (physicians, physiologists, chemists, biophysicists,
and behavioral scientists). Accomplishment of meaningful researcih and extrapolation of the research
data obtained from animals under laboratory conditions to man in real world operational situations re-
quires diligent efforts from all these specialties. The final, but most important, step is the application
of the research findings to adjust personnel exposure standards to achieve a reasonable balance between
personnel safety and operational constraint,

USAF RF RADIATION STANDARD

In November 1975, the USAF published a new RF radiation standard, Air Force Regulation 161-42,
titled Radiofrequency Radiation Health Hazards Control (11). [t supersedes Air Force Manual 161-7
(December 1965), It establishes Air Force policies, assigns responsibilities for carrying out these




policies, provides RF exposure standards for personnel (these may be defined as interim standards
based on the information presented in the Discussion section above), and establishes a surveillance
program for the protection of personnel working with or in the vicinity of RF radiation emitters.

Figure 4 summarizes the USAF permissible exposure levels (PEL) for Air Force personnel. The
50 mW /cm? PEL for RF emissions in the 10 kHz - 10 MHz frequency range is based on both theoretical
and empirical data, and sets a precedent for RF exposure criteria based on a frequency dependent
approach, This higher level is appropriate since these PELs are based on the acute thermal burden con-
cept and RF energy deposition in man decreases with the square of the frequency below ~30 MHz. The
fixed value was applied rather than a variable as a function of frequency since it is easier to apply
operationally.

FOR FREQUENCIES FOR FREQUENCIES
10 MHz - 300 GHz 10 KHz - 10 MHz

EXPOSURE TIME
GREATER THAN 10 mW cm? 50 mW cm?
6 MIN (360 SEC)

EXPOSURE TIME
LESS THAN 3.600 mW - SEC/cm? 18,000 mW - SEC 'cm?
6 MIN (360 SEC)

NOTE: ALL EXPOSURES LIMITED TO 100 KV /M MAXIMUM
PULSED E - FIELD LEVEL

Figure 4. RF radiation permissible exposure levels (PEL) for personnel.

The 10 mW/cm? PEL for RF emissions in the 10 MHz - 300 GHz frequency range is consistent with
the U.S. Occupational Safety and Health Act of 1970. For exposure times of 6 minutes or less, the PELs
are adjusted to allow higher power densities, but exposures cannot exceed the time averaged PEL values
shown in figure 4 for the respective frequency ranges. Figure 5 displays the same data as figure 4,
illustrating the permissible time-power density combinations for the respective frequency ranges.

10 KHz - 10 MHz

100

POWER DENSITY ~ mW/cm2

L i - ! - S - % J

1 1 10 100 1,000 10,000
EXPOSURE TIME ~ SECONDS

Figure 5. Permissible combinations of power density and time for RF
radiation exposures.

Figures 4 and 6 document one additional RF exposure limitation, viz., that single pulses of RF
emission to which personnel may be exposed shall not exceed an electric (E) field level of 100 kV/m.
This would apply to electromagnetic pulse (EMP) generators. Figure 6 provides in graphic format
combinations of duty factor and E-field levels that are permissible for the frequency ranges covered by
AFR 161-42,
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Figure 6. Permissible exposure levels for pulsed RF emission.

In summary, the USAF RF exposure standard establishes permissible exposure levels for personnel
exposed to any RF emission in the 10 kHz - 300 GHz frequency band. It sets policies and assigns re-
sponsibilities for RF hazards control. The regulation presents general information on the nature of RF
electromagnetic radiation and discusses the categories and impact of biological effects including such
indirect effects as cardiac pacemaker interference.

Special guidance is provided on actions to be taken for a suspected overexposure (defined as two
times the PEL), to include medical examinations and clinical follow-up. On the other hand, routine
pre- and postemployement medical examinations are not appropriate and the reasons for this position
are discussed (11).

An official RF Hazards warning sign is specified and guides are provided for implementing a Base
Level RF Personnel Protection Program and for Surveying Microwave Ovens. The new regulation also
provides useful equations and numerous examples for calculating PEL hazard distances.
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BIOEFFECTS RESEARCH IN THE DETERMINATION OF LASER HAZARDS

Bdwin S. Beatrice, M.D., LIC, Chief, Harry Zwick, Ph.D., Research Psychologist and David J. Lund,
Research Physicist, Non-Ionizing Radiation Division, Department of Biomedical Stress, Letterman Army
Institute of Research, Presidio of San Francisco, CA 94129.

SUMMARY

A sumary of the endpoints used in the establishment of ocular damage threshold levels from laser
exposure includes the evaluation of grossly visible retinal opacity, photoreceptor alteration at the
level of the light and electron microscope and functional alteration in the task oriented animal subject.

The threshold determination at the light and ultrastructural levels extends the sensitivity and
reduces the threshold level for all laser wavelengths., The behavioral evaluation of laser exposures are
one thousand times below the visible lesion endpoint and demonstrates changes which must be taken into
acoount in the evaluation of permissible human levels.

A review of the research in the area of retinal effects from laser radiation will provide, at low
levels, a comprehensive review of the function of the retina and central nervous system interconnections
as applied to "normal" ambient light-level exposures.

INTRODUCTION

The immediate hazard associated with laser radiation in the field is the possibility of sudden loss
of vision, glare, subtle inability to clearly focus or the distraction from an assigned mission by the
perception of the radiation as an environmental change (e.g., warming of the skin, brightness of the
working area). In the military scenario these changes may produce altered ability to complete missions
which require the full use of the intact visual system.

The present and projected uses of laser systems has resulted in the full cooperation of all NATO
nations into the research of the biamedical hazards of laser radiation. These hazards extend from the
direct impact or laser irradiation on the cornea, lens, and retina of the eye (1-5) or skin (6-8) to the
hazards from toxic lasing media and associated high voltage electrical equipment (9).

The actual hazard associated with a laser exposure from a simple laser source is statistically
minimal, but.the hazards are far greater from current and projected field utilization of a multiplicity
of laser systems. The immediate effect in establishing safe levels for field exercises is to adhere to
one or more of the current safety regulations (10-12) or to establish the most conservative approach to
the field use of laser devices and systems where data is not yet available.

Research by investigators in England, Europe, Canada, and the United States has been directed toward
establishing a broad-based approach to the understanding of the biological effects of pulse width,
wavelength, and pulse repetition rate using criteria for tissue alteration involving observation of the
tissue by routine clinical techniques (slit lamp biomicroscope, direct and indirect ophthalmoscope,
fundus camera) or histological analysis (light, electron microscopy). These data are available as a base
from which member countries can extrapolate to safe operating levels for human exposure using factors to
acocount for atmospheric effects, macular sensitivity, animal variability and human tissue variables.

OPHTHALMIC MORPHOLOGY

The eye is the nost sensitive end organ and is the most vulnerable to laser exposure. Light is
sharply focused onto the retina. When an object is directly viewed, the image falls on the fovea
centralis of the macula. This central area, approximately 250 p in diameter (humans) has a high density
of cone photoreceptors (color sensors). Recent research in the protein synthesis of the photoreceptors
by Young (13) shows that the cone does not turn over (renew) protein in a continuous manner as do the
rods (contrast sensors). The cone photoreceptor is a highly specialized light reactive cell. Therefore,
sufficient alteration of these photoreceptors as by a laser source may be permanent.

OPHTHALV/OLOGY NEUROANATOMY - PHYSIOLOGY

The complexity of the retina involves multiple links between photoreceptors (rods) at the level of
the biopolar cell layer and further complexity in the neuroanatomical structures between the retina,
lateral geniculate and visual cortex. Some measure of the effects of laser light on these structural
connections can and are being addressed using behavioral and electrophysiological techniques. These
approaches are necessary in the evaluation of low level subthreshold laser exposures where no direct
evidence of retinal alteration exists.

EXPOSURE QONDITIONS

Fach of the lasers of interest is set up and carefully evaluated to determine pulse width, spatial
distribution of the laser beam (Figure 1) and exact dosimetry required for exposures of primate eyes.
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FIGURE 1. Typical laser exposure system. Fundus camera is positioned for viewing retina before and
after laser irradiation and is coaxial with the helium-neon alignment laser and exposure laser.

Experiments are then conducted for the emmetropi®, dilated eye (simulating the nighttime exposure
condition) in the anesthetized primate for sma® retinal beam diameters (40-50 u) and large retinal beam
irradiance diameters 500-1000 p. Sufficient exposures are made in the macular and paramacular retinal
areas, and observed by funduscopy using the fundus camera and direct ophthalmoscope. The presence or
absence of a visible retinal opacity is noted at 1 hour and 24 hours after exposure (Figure 2).

3
y

FIGURE 2. Retinal photograph 1 hour after exposure to argon laser radiation 1 second, 50 u retinal
irradiance. Appearance of vessel crossing through lesion (middle row, second from right)
indicates depth of alteration.

These data are used to determine the "statistical" threshold referred to as the ED;y. Within 24 hours
after exposure, histology of the exposed retina is analyzed by flat preparation (Figure 3) serial
microscopy or ultrastructural evaluation.

FIGURE 3. Flat preparation of Q-switched ruby exposure; 50 u retinal irradiance at twice threshold level;
60 uj TIE (total intraocular energy). Pigment epithelial cells are displaced from lesions
center with zone of darkly pigmented cells surrounding central area.
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DIRECT OBSERVATION DATA

Threshold data, from which present safe levels have been derived, involve the use of primates. Data
for Q-switched ruby (694.3 nm), neodymium (1.06 ), frequency doubled neodymium lasers (530 n), continuous
wave and mode-locked neodymium (1.06 ), argon (488 nm), heliumneon (632.8 nm), and gallium arsenide
(900 nm) have been obtained. The data indicated: (1) The retina is the tissue most affected by these
laser wavelengths; (2) The thresholds for retinal alteration are lower for ultrastructural analysis by a
factor of ten than for direct clinical observation; (3) The short pulse durations (10 8 sec) required
higher energy inputs than millisecond or second exposures; (4) The thresholds for small retinal
irradiance diameters (40-50 u) are many factors higher than for larger irradiance (500-1000 u); (5) The
thresholds for retinal alterations by direct observation (opacity) for Q-switched pulse are lower in the
green (530 nm) than in the red laser wavelengths. These conclusions are based on review of most currently
available data.

LIMITATIONS OF DIRECT OBSERVATION

The techniques for biomedical hazard research involve a structured, precise experimental laser
dosimetry system with a carefully controlled animal subjects. The conditions for laboratory exposure
impose the restrictions of anesthesia or analgesia, pupillary dilatation, careful correction of the
refraction of the eye, and exact placement of laser exposures. These conditions are "ideal" and create
laboratory experimental data for the "greatest hazard" level determinations. The data generated does not
include the studies of retinal recovery (single sanple) or the impact of retinal alteration or the ability s
to see.

FUNCTIONAL CRITERIA

Different techniques are required to assess the effects of various laser sources on the visual
process itself. What happens to the ability to "see," to resolve small detail when exposed to levels of
laser irradiation deemed "safe" by morphological criteria? We have employed various functional criteria
to assess these kinds of effects (14). The immediate effects of foveal irradiation at suprathreshold
levels produce profound changes in overall visual acuity (15,16). Long-term follow-up fraom six nonths to
several years post-exposure, however, demonstrate that recovery in overall visual acuity does occur, but
significant alteration in photopic spectral sensitivity persists. Several investigations currently in
progress indicate that exposure to either brief or chronic visible laser irradiation can produce
permanent effects in function at levels ten times below the safe level based on present standards (17).
Such effects appear to be non-thermal in origin (18,19).

MECHANISMS

In recent years, an increasing amount of data has accumulated to suggest that mechanisms other than
thermal are associated with the deleterious effects of light. Several mechanisms have been proposed that
involve permanent alteration to the biochemistry and photopigments of the retinal receptors. In lower
nocturnal animal species good agreement between the action spectra for these effects and the photopigment
absorption spectra of the rod photoreceptors has been obtained (20). However, in more recent work in the
rhesus monkey, less agreement between the action spectrum and photopigment absorption spectra is apparent
(21). This area of work is currently very active and more definitive answers may be available soon.

SKIN AND CORNEAL LASER ALTERATIONS

Alterations of the skin are produced by laser exposure varying from third degree burns to subtle
erythematous alterations of the dermal vessels (Figure 4).

FIGURE 4. Section of porcine skin, 24 hours after TEA laser exposure. Normal architecture of skin is
destroyed with evidence of charring (250 ns, 2 j/an7).

The accidental exposure to infrared laser radiation produces a sensation of warmth which may result in
"reflex withdrawal” which can be a greater hazard than the incident laser exposure (22). Similarly, the
effects of this laser radiation can produce subtle clouding of the cornea proceading at higher exposure
levels to permanent corneal scarring or corneal penetration (Figure 9).




FIGURE 5. Corneal opacity Ehotogra;i'led 1 hour after exposure to carbon dioxide laser radiation
(100 ms, 65 w/cm®).

DISCUSSION

The impact of these research studies is to reduce the safe operating laser levels, while the field
exercise is to successfully use the laser devices and systems. The requirements of the use of lasers
involves a closely coordinated program involving education of the user and his commander in the area of
laser hazards, careful review of the field exercise by a trained individual in the potential hazards of
the laser system to be used, and appropriate protective measures co insure a safe, mission effective,
tactical scenario.

The recurrent emphasis on the associated hazards of laser radiation have recently been reported in
the press in the United States. These incidents have been associated with two deaths by electrocution
in individuals working with high voltage laser power supplies used in laser systems. Such reports are a
warning to the laser user and could easily occur in the field maintenance or use of a laser device.
Likewise, the chemical and noise level hazards associated with gas and chemical lasers could be completely
understood and precautions taken to avoid chronic exposures.
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